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THE BIPOLAR MICROCOMPUTER COMPONENTS 
DATA BOOK 


Second Edition 


This data book describes a series of high-complexity bipolar digital building blocks 
designed specifically for implementing high-performance computer or controller 
systems. The series offers the system designer maximum flexibility for achieving 
cost-effective hardware designs from dedicated, highly specialized unique systems 
with tailored instructions to general-purpose computers capable of emulating exist- 
ing machine instructions, or programs, without loss of software investment. 


In addition to a choice between the high-performance Schottky-clampedt TTL 
4-bit-slice processor element and a 16-bit computer central processing unit (CPU), 
the system designer can pick from a new expanded family of Schottky TTL mem- 
ories (RAMs, PROMs and ROMs), and state-of-the art support functions needed to 
meet all contro! and interface requirements. 


The SN54S481 and the SN74S481, with typical clock cycle times of 90 ns, are the 
industry’s highest-complexity Schottky TTL processor elements and are the only 
bipolar micro/macroprogrammable elements featuring automatically sequenced 
iterative multiply, divide, and cyclical-redundancy algorithms. System control is 
simplified to a very low package count with the expandable SN54S482/SN74S482 
4-bit-slice controller performing next-address generation functions. 


The SBP 9900A microprocessor, a ruggedized, monolithic, 16-bit-parallel 12L cen- 
tral processing unit (CPU), combines an advanced memory-to-memory architecture 
and a powerful minicomputer instruction set with the simplicity of a single power 
supply and static logic with a single-phase clock to thrust its capabilities beyond 
those of existing microprocessors. 


The new SN74LS462/SN74LS463 fiber-optics interface functions provide a simpli- 
fied, low-cost solution to interfacing requirements for optical source and detector 
components. This transmitter/receiver pair is designed to provide the appropriate 
encoding, synchronizing, and decoding. logic necessary to control the transmission 
of digital data through a wide variety of fiber-optic data-link assemblies. 


The family of high-performance Schottky TTL memories offers a wide variety of 
organizations providing efficient solutions for virtually any size microcontrol or 
program memory. A new expanded family of bipolar PROM (including standard, 
low-power, power-down and registered types) has dictated a new numbering system 
to encompass new device types. A number of advanced high-complexity I/O and 
interface circuits have been added to the peripheral product family. Most of these 
1/O and interface functions, as well as a number of the other processor support 
functions, are offered in space-saving 20-pin packages, which reduce package count 
and enhance system density. 


The SBP 9708 8-bit by 8-bit parallel byte multiplier provides a 16-bit signed or un- 
signed 8-bit bytes. The SBP 9708 is designed to achieve the cost-effectiveness 
needed for microprocessor based systems. 


Although this volume offers design and specification data only for bipolar com- 
puter components, complete technical data for any T! semiconductor-component 
product is available from your nearest TI field sales office, local authorized T! 
distributor, or by writing direct to: Marketing and Information Services, Texas 
Instruments Incorporated, P.O. Box 225012, MS 308, Dallas, Texas 75265. 


We sincerely hope you will find 7he Bipolar Microcomputer Components Data 
Book a meaningful addition to your technical library. 


Tintegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975. 
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GLOSSARY 
TTL TERMS AND DEFINITIONS 





INTRODUCTION 


This glossary consists of two parts: (1) general concepts for digital circuits including types of bipolar memories and (2) 
operating conditions and characteristics (including letter symbols). Some of the terms, symbols, abbreviations, and defi- 
nitions used with memory integrated circuits have not, as yet, been standardized. These are currently under considera- 
tion by the EIA/JEDEC (Electronic Industries Association) and the !EC (International Electrotechnical Commission). 
The following are as consistent with the past and future work of these organizations as is possible to anticipate at this time. 


PART | — GENERAL CONCEPTS INCLUDING TYPES OF BIPOLAR MEMORIES 
Chip-Enable Input 


A control input that when active permits operation of the integrated circuit for input, internal transfer, manipulation, 
refreshing, and/or output of data and when inactive causes the integrated circuit to be in a reduced-power standby 
mode. 

NOTE: See “chip-select input’. 


Chip-Select Input 


A gating input that when inactive prevents input or output of data to or from an integrated circuit. 
NOTE: See “‘chip-enable input’. 


Dynamic (Read/Write) Memory 


A read/write memory in which the cells require the repetitive application of control signals in order to retain stored 
data. 
NOTES: 1. The words “read/write” may be omitted from the term when no misunderstanding will result. 

2. Such repetitive application of the control signals is normally called a refresh operation. 

3. A dynamic memory may use static addressing or sensing circuits. 

4. This definition applies whether the control signals are generated inside or outside the integrated circuit. 


First-In First-Out (FIFO) Memory 


A memory from which data bytes or words can be read in the same order, but not necessarily at the same rate, as that 
of the data entry. 


Gate Equivalent Circuit 


A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number of 
individual logic gates that would have to be interconnected to perform the same function. 


Large-Scale Integration, LSI 
A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this 
context a major subsystem or system, whether digital or linear, is considered to be one that contains 100 or more 
equivalent gates or circuitry of similar complexity. . 


Mask-Programmed Read-Only Memory 


A read-only memory in which the data content of each cell is determined during manufacture by the use of a mask, the 
data content thereafter being unalterable. 
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Medium-Scale Integration, MS] 


A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem or 
system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more equivalent 
gates or circuitry of similar complexity. 


Memory Cell 


The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it is or can be 
stored, and from which it can be retrieved. 


Memory Integrated Circuit 


An integrated circuit consisting of memory cells and usually including associated circuits such as those for address 
selection, amplifiers, etc. 


Output-Enable Input 


A gating input that when active permits the integrated circuit to output data and when inactive causes the integrated 
circuit output(s) to be at a high impedance (off). 


Programmable Read-Only Memory (PROM) 
A read-only memory that after being manufactured can have the data content of each memory cell altered once only. 
Random-Access Memory (RAM) 
A memory that permits access to any of its address locations in any desired sequence with similar access time for each 
location. 
NOTE: The term RAM, as commonly used, denotes a read/write memory. 
Read-Only Memory (ROM) 
A memory in which the contents are not intended to be altered during normal operation. 
NOTE: Unless otherwise qualified, the term ‘“‘read-only memory” implies that the content is unalterable and defined 
by construction. 


Read/Write Memory 


A memory in which each cell may be selected by applying appropriate electronic input signals and the stored data may 
be either (a) sensed at appropriate output terminals, or (b) changed in response to other similar electronic input signals. 


Small-Scale Integration, SSI 
Integrated circuits of less complexity than medium-scale integration (MSI). 
Very-Large-Scale Integration, VLSI! 


A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a system, whether 
digital or linear, is considered to be one that contains 1000 or more gates or circuitry of similar complexity. 


Volatile Memory 


A memory the data content of which is lost when power is removed. 
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PART Il — OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 


The symbols for quantities involving time use upper and lower case letters according to the following historically 
evolved principles: 


a. Time itself, is always represented by a lower case t. 


b. Subscripts are lower case when one or more letters represent single words, e.g., d for delay, su for setup, rd 
for read, wr for write. 


Cc. Multiple subscripts are upper case when each letter stands for a different word, €.g., SR for sense recovery 
and PLH for propagation delay from low to high. 


Access Time (of a memory) 


The time between the application of a specified input pulse during a read cycle and the availahility of valid data signals 
at an output. 


Example symbology: 


ta(ad) Access time from address 
ta(E) Access time from chip enable 
ta(S) Access time from chip select 


Clock Frequency 


Maximum clock frequency, fmax 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while 
maintaining stable transistions of logic level at the output with input conditions established that should cause changes 
of output logic level in accordance with the specification. 


Current 


High-level input current, Ij} 
The current into” an input when a high-level voltage is applied to that input. 


High-level output current, IOQH 
The current into* an output with input conditions applied that according to the product specification will establish a 
high level at the output. 


Low-level input current, ly 
The current into” an input when a low-level voltage is applied to that input. 


Low-level output current, Io. ; 
The current into* an output with input conditions applied that according to the product specification will establish a 
low level at the output. 


Off-state output current, 1Q(off) 

The current flowing into* an output with input conditions applied that according to the product specification will 
cause the output switching element to be in the off state. 

Note: This parameter is usually specified for open-collector outputs intended to drive devices other than logic circuits. 


*Current out of a terminal is given as a negative value, 
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Off-state (high-impedance-state) output current (of a three-state output), 197 
The current into* an output having three-state capability with input conditions applied that according to the product 
specification will establish the high-impedance state at the output. 


Short-circuit output current, los 
The current into* an output when that output is short-circuited to ground (or other specified potential) with input 
conditions applied to establish the output logic level farthest from ground potential (or other specified potential). 


Supply current, Icc 
The current into* the Vcc supply terminal of an integrated circuit. 


Cycle Time 


Read cycle time, te(rq) (see note) 
The time interval between the start and end of a read cycle. 


Read-write cycle time, te(rd wr) (see note) 
The time interval between the start of a cycle in which the memory is read and new data are entered, and the end of 


that cycle. 


Write cycle time, te(wr) (see note) 

The time interval between the start and end of a write cycle. 

NOTE: The read, read-write, or write cycle time is the actual interval between two impulses and may be insufficient 
for the completion of operations within the memory. A minimum value is specified that is the shortest time in 
which the memory will perform its read and/or write function correctly. 


Hold Time 


Hold time, th 

The interval during which a signal is retained at a specified input terminal after an active transition occurs at another 

specified input terminal. 

NOTES: 1. The hold time is the actual time between two events and may be insufficient to accomplish the intended 
result. A minimum value is specified that is the shortest interval for which correct operation of the logic 
element is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest interval 
(between the release of data and the active transition) for which correct operation of the logic element is 
guaranteed. 


Output Enable and Disable Time 


Output enable time (of a three-state output) to high level, tpz} (or low level, tpzy_) 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to the defined high (or low) level. - 


Output enable time (of a three-state output) to high or low level, tpzx 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to either of the defined active levels (high or low). 


Output disable time (of a three-state output) from high level, tpzyz (or low level, tp_z) 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 


three-state output changing from the defined high (or low) level to a high-impedance (off) state. 


“Current out of a terminal is given as a negative vajue, 
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Output disable time (of a three-state output) from high or low level, tpxz 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state. 


Propagation Time 


Propagation delay time, tpp 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from one defined level (high or low) to the other defined level. 


Propagation delay time, low-to-high-level output, tpLy 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined low level to the defined high level. 


Propagation delay time, high-to-low-level output, tpHL 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined high level to the defined low level. 


Pulse Width 


Pulse width, tw 
The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 


Example symbology: 


twicl) Clear pulse width 
tw(wr) Write pulse width 


Recovery Time 


Sense Recovery time, tsp 
The time interval needed to switch a memory from a write mode to a read mode and to obtain valid data signals at the 


output. 
Release Time 


Release time, trelease 

The time interval between the release from a specified input terminal of data intended to be recognized and the 
occurrence of an active transition at another specified input terminal. 

Note: When specified, the interval designated “release time’’ falls within the setup interval and constitutes, in effect, a 
negative hold time. 


Setup Time 


Setup time, tsy 
The time interval between the application of a signal that is maintained at a specified input terminal and a consecutive 
active transition at another specified input terminal. : 

NOTES: 1. The setup time is the actual time between two events and may be insufficient to accomplish the setup. A 
minimum value is specified that is the shortest interval for which correct operation of the logic element is 
guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the longest interval 
(between the active transition and the application of the other signal) for which correct operation of the 
logic element is guaranteed. 
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Transition Time 


Transition time, low-to-high-level, tTLH 
The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing from 
the defined low level to the defined high level. 


Transition time, high-to-low-level, tTHL 
The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing from 
the defined high level to the defined low level. , 


Voltage 


High-level input voltage, Vy 

An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary 

variables. 

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which operation of the 
logic element within specification limits is guaranteed. 


High-level output voltage, VoH 
The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a high level at the output. 


Input clamp voltage, Vik 
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage swing. 


Low-level input voltage, Vit 

An input voltage level within the less positive (more negative) of the two ranges of values used to represent the binary 

variables. 

NOTE: A maximum is specified that is the most positive value of low-level input voltage for which operation of the 
logic element within specification limits is guaranteed. 


Low-level output voltage, VoL 
The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a low level at the output. 


Negative-going threshold voitage, VT— 
The voltage level at a transition-operated input that causes operation of the logic element according to specification as 
the input voltage falls from a level above the positive-going threshold voltage, VT +. 


Off-state output voltage, VO(off) 

The voltage at an output terminal with input conditions applied that according to the product specification will cause 
the output switching element to be in the off state. 

Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 


On-state output voltage, VO(on) 

The voltage at an output terminal with input conditions applied that according to the product specification will cause 
the output switching element to be in the on state. 

Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 


Positive-going threshold voltage, VT+ 
The voltage level at a transition-operated input that causes operation of the logic element according to specification as 
the input voltage rises from a level below the negative-going threshold voltage, VT_. 
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ACRONYMS AND MNEMONICS 
AG arithmetically greater than 
Al address input port 
ALU arithmetic logic unit 
AO address output port 
BLWP branch and load workspace pointer 
CCO counter-carry output 
C clock input (PROMs) 
CE chip enable 
CIN carry in 
CL clock 
CLK clock 
CLA carry look-ahead 
CLR clear 
COUT carry out 
CPU central processing unit 
CRC cyclic redundancy check 
CRU communications register unit 
CRUIN data input to CPU for CRU input operations 
CRUOUT data output from CPU for CRU output operations 
CRUCLK CRU-enable signal from CPU for CRU output operations 
DBIN data bus input 
DO data output port 
DMA direct memory access 
DP double precision 
E asynchronous chip enable 
EO equal to 
FPLA field-programmable logic array 
G asynchronous output enable 
INCMC increment memory counter 
INCPC increment program counter 
INT interrupt 
1/0 input or output 
IP intermediate position 
INTREQ interrupt request 
LG logically greater than 
LCIR left circulate 
LD load 
LDCR load CRU 
LSA left-shift arjthmetic 
LSB least-significant bit 
LSL left-shift logical 
LSP least-significant position 
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MC memory counter 

MEMEN memory enable 

MSB most-significant bit 

MPX multiplex 

MSP most-significant position 

MUX multiplexer 

NC not connected 

OE output enable 

OV overflow 

PC program counter 

PLA programmable logic array 

POS relative position control (MPS, IP, or LSP) 
RCIR right circulate 

RSA right-shift arithmetic 

RSL right-shift logical 

RTWP return workspace pointer instruction 
S asyncronous chip select 

SBZ set bit to zero 

SBO set bit to one 

SP single precision 

ST status register 

STCR store CRU 

TB test bit 

WR working register 

WE write enable 

XOP extended operation instruction 
XWR extended working register 


Additional mnemonics or acronyms specifically relating to SBP 9900A instructions are found on pages 3~24 and 3—26. 
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The following symbols are used in function tables on TI data sheets: 


= high level (steady state) 


= low level (steady state) 
= transition from low to high level cee 


= transition from high to low level 





= value/level or resulting value/level is routed to indicated destination 

= value/level is re-entered 

= irrelevant (any input, including transitions) 

= off (high-impedance) state of a 3-state-output 

h = the level of steady-state inputs at inputs A through H respectively 

= level of O before the indicated steady-state input conditions were established 

= complement of Qo or level of © before the indicated steady-state input conditions were established 
= level of Q before the most recent active transition indicated by | or t 


one high-level pulse 


[eegenxdiccrs 
il 


= one low-level pulse 


TOGGLE = each output changes to the complement of its previous level on each active transition indicated by 
Lor tf. 


If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid when- 
ever the input configuration is achieved and regardless of the sequence in which it is achieved. The output persists so 
long as the input configuration is maintained. , 


if, in the input columns, a row contains H, L, and/or X together with t and/or 4, this means the output is valid when- 
ever the input configuration is achieved but the transition(s} must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, Qo, or Qo), it persists so long as the steady-state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse, J Lor LUI, the pulse 
follows the indicated input transition and persists for an interval dependent on the circuit.) — 
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PARAMETER MEASUREMENT INFORMATION 


TEST 
POINT Vcc 


TEST 
POINT Vcc Vcc 
R 


FROM OUTPUT RL FROM OUTPUT L test FROM OUTPUT 


UNDER TEST (See Note B) UNDER TEST POINT UNDER TEST 


CL CL CL 
(See Note A) i | (See Note A) (See Note A) 






(See Note B) 


& 
LOAD CIRCUIT FOR 

BI-STATE LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
TOTEM-POLE OUTPUTS OPEN-COLLECTOR OUTPUTS THREE-STATE OUTPUTS 


NOTES. A. C, includes probe and jig capacitance. 
B. Alli diodes are 1N916 or 1N3064. 












TING 15V HIGH-LEVEL 15V 15V 
INPUT \ ov PULSE ! 
2A aaetipe eceeneee 
—— tw eH 

te-tsetup-of™ thold 4 ; 

! <b--—ay — 
DATA 15V 15V LOW-LEVEL KIS V 15V 
INPUT eal PULSE 


VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 


VOLTAGE WAVEFORMS 
PULSE WIDTHS 


—-—----— 3V OUTPUT 3V 
INPUT 15V 15V een Me 15V 15V 
1 H ow-leve 
ON enabling) f eee eS Ov 
po *PZzL —+ 
ro tPLH ib a ie er i et Spo ssnney ees! $1 and 
IN-PHASE |! | ' ! WAVEFORM1 =! §1. closed, oa \ | S2 closed 
ouTpuT | US a apes (See NoteC) | 52 open a ees eee Oe SE Vices 
VOL H am ye ~~ VOL 
r*tPHL-+4 J tPLH-+y h— tPzH—>l mtpHz* 05 V05V 
s : VOH ! ,— -f— ---——voy 
a Ce ee hose ies eee 
OUTPUT Za heiey: (See Note C) S2 closed Res a $1 and 
(See Note F) See $2 closed 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


NOTES: C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control, 
D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zou; © 50 2, tp < 2.5 ns, te < 2.5 ns. 
F. When measuring propagation delay times of 3-state outputs, switches S1 and S2 are closed. 


m 
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TEST. 
POINT Vcc 
TEST y ? 
POINT Vcc Vcc L 
RL RL d g S| 
FROM OUTPUT ieee FROM OUTPUT TEST FROM OUTPUT 
UNDER TEST iGbeNate By UNDER TEST POINT UNDER TEST (See Note B) 
! 
1 
c 
cL C1 sa ie Note A) eer Wolenl oso 
(See Note A) (See Note c)! 
J. ob a 
$2 
LOAD CIRCUIT FOR 
BI-STATE LOAD CIRCUIT FOR _LOAD CIRCUIT FOR 
TOTEM-POLE OUTPUTS OPEN-COLLECTOR OUTPUTS THREE-STATE OUTPUTS 


NOTES A. C_ includes probe and jig capacitance. 
B. All diodes are 1N916 or 1N3064. 


C. C1 (30 pF) is used for testing Series 54/74L devices only. 










3V 
TIMING 1u HIGH-LEVEL 13V 13V 
INPUT ees ot PULSE : | 
ae ane ps wa }<-—_—_— tw —e| 

let ett thold-* 

setup ah gee e tw 

I i I 
DATA LOW-LEVEL : 13V 

13V 1.3V . 

INPUT 139 ov PULSE 


VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 


VOLTAGE WAVEFORMS 
PULSE WIDTHS 


OUTPUT a 
CONTROL 1.3V 13V 

Low-! 1 

(Low-leve K ——— } ——-—-— —— - Ov 







1 \ 
enabling) | i 
t —_—+ t 
PL PEO on f Sec JLeacetey { Phen $1 and 
IN-PHASE ! H ' WAVEFORM 1 !_ Si closed, , 1 $2 closed 
OUTPUT \ W3V | 13V ieee nists | 1.3V | I 7 <1.5V 
! | dee eeNoteD) — 152 open aes cee Cee ee 
1 ' 
TPL +4 jo (PLH-4 t—tpzH——4} MPHz05V05V 
: H VOH : | 1 tf ————Voy 
: I 
OUT-OF PHASE WAVEFORM2___ S1 open Roe 
13V 13V pen, iay =1.5V 
OUTPUT fo —VoL (See Note D) S2 closed . iis S1 and 
(SeeNoteG) © ES =O S2 closed 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


NOTES: DO. Waveform 1 is for an output with internal conditions such that the Output is low except when disabled by the output control, 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

E. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
All input pulses are supplied by generators having the following characteristics: PRR <1 MHz, Zout © 50 2, tp < 15 ns, te < 6 ns, 


an 


G. When measuring propagation delay times of 3-state outputs, switches $1 and S2 are closed. 
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INTRODUCTION 


These Schottky TTL 4-bit expandable parallel binary micro/macroprogrammable processor element building blocks 
are designed specifically for implementing high-performance digital computer/controllers. With the ability to 
efficiently emulate existing systems, they can be used to upgrade hardware performance with full compatibility to 
protect software investments. 


The SN54S/74S481, Schottky TTL performs typically at a clock cycle time of 90 nanoseconds at 345 milliamperes of 
supply current. 


ARCHITECTURAL FEATURES 


Designed with full parallel dual input/output ports, the memory-to-memory architecture provides a new dimension in 
interrupt processing or program context switching flexibilities. Static bipolar logic performs each microinstruction 
within a single clock cycle. 


Primary among the architectural features are: 


Microprogrammable, bit-slice design is expandable in 4-bit multiples 

Full parallel dual input/output ports for use in advanced memory-to-memory architecture 
Full-function ALU with carry look-ahead, magnitude, and overflow decision capabilities 
Double-length accumulator with full shifting capability and sign-bit handling 

Dual memory address generators on-chip. 


OPERATIONAL FEATURES 


The functional capabilities, characterized by the 24,780 unique operations, coupled with the macroprogrammable 
multiply and divide algorithms, make these processor elements particularly attractive for implementing advanced high 
performance computers and controllers. 


In addition to the full parallel data bus structure, the ‘S481 architecture also features asynchronous access to data 
routing and counter updating controls which, when combined with the most versatile instruction set available (see 
Operational description) maximizes flexibility, efficiency, and performance. Simultaneous compound operations in 
the form of an ALU function with shift, plus destination selection with address/iteration updating, plus address and 
present data to memory can be accomplished in a single microcyle. Some other operational features are: 


° Simultaneous one-clock compound operations, with status, can reduce microcycles and improve throughput 

o Pre-programmed CRG and double-precision multiply/divide algorithms 

e Double length accumulator with full bidirectional single/double precision arithmetic/logical/circulate shift 
capabilities include sign protection ; 

e Full micro-operational contro! is provided for programming: address updating, data and address source 
selection, and direct transfer of data to working register or working memory 

° Relative position control defines bit-slice rank and sign handling in N-bit applications. 


MECHANICAL FEATURES 


These processor elements are supplied in either a high-density quad-in-line ceramic package or a plastic dual-in-line 
package. The high-density 48-pin ceramic package has quad pin rows formed on 600- and 800-mil centers. Within each 
of the four rows, the pin spacing is 100 mils, center-to-center. The plastic dual-in-line package has standard 100-mil 
spacing on 600-mil centers. Outline drawings are provided in Section 6 of this data book. 
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TABLE 1 
FUNCTIONAL DESCRIPTIONS 


INPUT, OUTPUT, OR 
PIN M Pi ¥ x 
46, 47 BI/OO, BI/O1 | 4-bit parallel data input port to the B latch, or 4-bit parallel data Inputs/Outputs 
1,2 BI/O2, B!/O3 | output for the Z-bus when not being used as an input. 
AlO, Al1 4-bit parallel data input port to the A latch and WR. Inputs 
Al2, Al3 : 
OPO through OP9 serve as a 10-bit parallel operation-select input to 
the micro-decode logic array. In the most-significant position, OP8 
and OP9 additionally serve as open-collector outputs during multi- 
ply and divide algorithms. In the least-significant position, OP9 
serves as an open-collector output during the CRC algorithm. 
Single 5-volt power-supply terminal. Supply Voltage Pin 
volts, the package operates as the least-significant (LSP) slice; when 
carry propagate (X) for use with look-ahead, In most-significant 


r= 18)—té‘<‘l CIN [| Receives tow-active ripple carry input data. 
grounded, it functions as an intermediate (IP) slice; and when high, 5 
position outputs true logically-greater-than signal. 





















Directs internal and input/output end-conditions required to define 

the relative position of each bit-slice when N-SN74S481's are 

volts, it functions as the most-significant (MSP) slice. 

In teast-significant and intermediate positions outputs arithmetic Output 
carry generate (Y) for use with look-ahead. In most-significant 

position outputs true arithmetically-greater-than signal. 


cascaded to implement Nx4-bit word lengths. When biased at 2.4 
In least-significant and intermediate positions outputs arithmetic Output 









Co - 
























Outputs true (active-high) equality of ©’ bus equals zero for each 
4-bit slice. The open-collector output permits wire-AND to achieve 
Nx4-bit equality output. ; 











Working register and <£-bus shift interconnectivity pins. WRRT 
receives left-shift and outputs right-shift (true) data. WRLFT 
receives right-shift and outputs left-shift (true) data. Shift can be 
single-precision, double-precision, signed or unsigned. 


Bidirectional |/O 














28 XWRAT, 
27 XWRLFT 


Extended working register shift interconnectivity pins. XWRRT Bidirectional 1/O 
receives left-shift and outputs right-shift (true) data. XWRLFT 
receives right-shift and outputs left-shift (true) data. Shift can be 


single-precision, double-precision, signed or unsigned. 


Selects one of three DOP sources (WR, XWR, or Z-bus) or places 
the DOP outputs in a high-impedance state. 


4-bit_parallel, data-out port. DOPO is LSB. 3-state Outputs 



























When low, enables the MC to increment as directed by CCT on the 
next t clock transition. When high, inhibits MC to hold mode. As 
CTO is common to MC and PC, the MC should be inhibited when 
PC is enabled. 


[36 GND | Common or ground terminal for the supply voltage ——— 


CTO/OV In least-significant and intermediate positions a low-level output 


indicates that either the PC or MC is at maximum count. As CCO is 
2-8 1277 














common for both PC and MC ambiguous carry can be avoided if one 
or both counters is/are disabled by the TNCPC and/or INCMC 
inputs. In the most-significant position, a high-level output, 
depending on the operation selected, indicates that the WR, XWR, 
or ALU will overflow (OV) on the next clock. 
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WRRT 





FIGURE 1—PIN ASSIGNMENTS 


TABLE 1 (Continued) 


INPUT, OUTPUT, OR 
PIN NUMBER J ei name | PIN FUNCTION INPUT/OUTPUT 
38, 39 AOPO, AOP1 4-bit parallel address-out port. Outputs 
40, 41 AOP2, AOP3 


| AO Selects one of two AOP sources (PC or MC). a a 


When low, enables the PC to increment as directed by CCI on the Input 
next t clock transition. When high, inhibits PC to hold mode. As 
TCO is common to PC and MC, the PC should be inhibited when 
MC is enabled. 

























In least-significant position, a tow input directs enabled PC or 
enabled MC to increment by one on next f clock transition. In the 
LSP, a high directs enabled PC or enabled MC to increment by 2. In 
other positions, a low is a carry input and a high inhibits the 
counter. 


When high, enables the transparency of A and B input latches. When 
low, latches A and B input data. Clocks synchronous registers and 














counters on the positive transition. 

When low, enables 8!/O to output &-bus data. When high, the BI/O 
output drivers are placed in a high-impedance state permitting BI/O 
to be used as data inputs. 
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DETAILED FUNCTIONAL DESCRIPTIONS 
MICRO-DECODING LOGIC ARRAY 


The micro-decoding logic array is a dedicated 11-input PLA decoding 73 product terms to generate 24 control lines 
needed to implement the 14 operation forms. The eleven inputs consist of the ten operation select lines (OPO through 
OP9) and the ALU carry input. The carry input, utilized as an additional operation select line during operation forms 
not performing arithmetic functions, maximizes system pin efficiency and functional density. 


In an expanded word length system (two or more ‘S481's), operation select inputs 8 (OP8) and 9 (OP9) assume an 
input/output capability in the most-significant or least-significant package as a result of the position control and the 
type of operation being performed. During microprogrammable operation forms | through IX, OP8 and OP9 function 
simply as another input; but, during the macroprogrammable operations of forms X through XIV one or both become 
an output during iterations. Table 2 summarizes by operation form the control (output) package and the operation 
lines which are used as an output. 


TABLE 2 
MSP OP8 and OP9 ITERATIVE FUNCTION SUMMARY 


CONTROL OPERATION SELECT I/O 
OP. FORM ALGORITHM 


I thru 1X All INPUT INPUT 


Xx CRC ACCUMULATION INPUT OUTPUT 
Xl SIGNED DIVIDE OUTPUT OUTPUT 
UNSIGNED DIVIDE INPUT OUTPUT 
UNSIGNED MULTIPLY INPUT OUTPUT 
SIGNED MULTIPLY OUTPUT OUTPUT 





If the macroinstructions are to be used in an expanded word length, OP8 and OP9 select lines of the MSP and the OP9 
line of the LSP should be driven from either a 3-state output (which can be placed in high-impedance state) or an 
open-collector output (which can be wire-OR‘ed with the OP select I/O lines). During an iterative function for which 
the OP line is designated as an open-collector output, the OP line driver should be placed in a high-impedance or 
off state permitting the output function to drive similar OP lines in the remaining packages. 


The output state of OP8 or OPQ is a function of on-chip status decoder as enumerated in the flow diagrams illustrating 
the five algorithms. 


RELATIVE POSITION CONTROL (POS) 


The single line position control, with the ability of decoding one of three input logic states, provides each ‘S481 in an 
expanded word length system with the capability of identifying its relative position. The relative positions, with the 
corresponding input logic levels are enumerated in Table 3. 


TABLE 3 
POSITION CONTROL FUNCTIONS 


POS INPUT 
LOGIC LEVEL 


RELATIVE POSITION 


23.6V MOST-SIGNIFICANT POSITION (MSP) 
18Vto3V LEAST-SIGNIFICANT POSITION (LSP) 
<0.8V INTERMEDIATE POSITION (IP) 
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This relative position identification dictates how each ‘S481 in the system handles the multi-purpose I/O 
accommodations and ALU sign and magnitude functions. See Table 4. Shift/Circulate interconnectivity bit transfers 
are explained in detail under shift/circulate transfer multiplexers. 


TABLE 4 
DUAL-FUNCTION LOGIC 1/0 PINS 


LG (OUT) X (IN) 


Y/LG AG (OUT) Y (tN) Y (IN) 


CCO/OV OVERFLOW (OUT) CCO (OUT) CCO (OUT) PR 
X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS 





2.3 CLOCK 


The clock synchronizes the entry or change of data in the ‘S481 registers and counters, and it controls the status of 
the A and B input latches. A typical clock cycle is illustrated in Figure 2. The low-to-high transition of the clock input 
is the clocking edge for any combination of either the working register, extended working register, flag flip-flops, and 
the program counter or the memory counter activated by the resident operation. During the low-level portion of the 
clock input, both input latches are latched ensuring data stability at the positive clock transition. After the clock has 
gone to a high level, the input latches are placed in a transparent mode to accept the next set of input data. 


j¢—————————_———— CLOCK CYCLE ————-——______ >| 


| 
| TRIGGER EDGE 
| FOR WR, XWR, 


FF'S,PC,ORMC~ =e 





| 
| 
| 
| 
2 ene | 5 

| 


|NP UT alg ——_——__ INPUT ——_—_—_»| 
| LATCHES TRANSPARENT | LATCHES LATCHED | 


FIGURE 2 — CLOCK CYCLE 
2.4 LATCHED DATA INPUT PORTS 
The SN54S/74S481 features dual input ports combined with data flow paths which are designed specifically to reduce 
the number of system clock cycles needed to enter operands and/or data. Both the A and B input ports are latched, 


eliminating the need for external registers, to simplify interfacing directly with system data bus paths. 


The A input port data is made available to both the input latch and the working register which allows A data to be 
loaded into the working register directly. 
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The B port is configured to serve as an input/output data path providing the capability to: 


a. Input data to the B latch 
b. Output sum-bus data. 


This t/O port is designed specifically to simplify implementation of data transfers to the external working memory. 


Both the A and B latches are transparent when the ‘S481 clock input is high. Data applied at the A and B inputs 
should be stable anytime prior to or at least coincident with the falling edge of the clock input (see Figure 3). After 


the clock falling edge, the data inputs should be held steady for thold(data) or longer to facilitate the on-chip clock 
buffers to latch the data. 






= Se SS SS SS SS VIH 
CLOCK 
INPUT 

| VIL 

<—— ty, (data) >0 ——>| 

a eee on a amie RY com ee ee ae 
ALOR \V/ a 
BIO ¥ sv } 1.5v 
INPUT IN /\\ 

ee ee eer ee 0 Ne aed | Never ea ie, 


——= ty (data) ———— 


FIGURE 3 — INPUT LATCHES SETUP/HOLD TIMES 


The A input port latch data is routed to the A input multiplexers, and the B input port latch data is sourced to both 
the A and B input multiplexers. 


A AND B OPERAND SOURCES 


The A and B input multiplexers source the ALU A’ and B’ ports through true/complement conditional inverter 
circuits. Data routing for each, illustrated and listed in Figure 4, provides the ALU with access to the true or 
complement of: 


ALU A’ PORT ALU B’ PORT 
1. A input latch 1. B input latch 
2. B input latch 2. Sum bus 
3. Working Register 3. Working register 
4. Low logic level inputs 4. Extended working register 
(force zeros) 5. Program counter 
6. Low logic level inputs 


(force zeros) 


The A and B multiplexers and true complement circuits, under control of the resident operation code, are selectable 
at the microprogram level. The number of A or B multiplexer sources available depend upon the specific operation 
being performed by the ‘S481. Operation form descriptions contain detailed microprogramming. 


The A and B input multiplexers, with selectable true and complement operand sources, maximizes the processing 


power of the ‘S481 by minimizing the active components needed to achieve both the simple but highly flexible data 
routing tasks and full ALU capabilities. 
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A OPERAND SOURCES 


A INPUT SELECTIONS 


AINA’ 
AINA’ 

LOGIC ONE'S A’ 
LOGIC ZERO’S a’ 





BIN IN A’ 

LATCH ae 

_> ¢ 

FROM wee? 

LOGIC WR A’ 

ARRAY 
A’ TO ALU 
BOF ERNE SUUREE B INPUT/OUTPUT B INPUT/OUTPUT SELECTIONS 

BIN >B’ 
BIN =B’ 


LOGIC ONE’S +B’ 
LOGIC ZERO’S > B’ 
(B IN) « (WR) 8B’ 
(B IN) > (WR) > B’ 
WR > B’ 

WR > B’ 

(B IN) * (XWR) - B’ 
(B IN) -(XWR) > B’ 





XWR > B’ 
XWR > B’ 
(BIN) + (PC) B’ 
(B IN) - (PC) ->B’ 
(FROM ALU) PC > B’ 
FROM 
LOGIC 
ARRAY 


B' TO ALU 


FIGURE 4 — ALU OPERAND SOURCES 
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ARITHMETIC/LOGIC UNIT (ALU) 


The 4-bit, parallel, binary arithmetic/logic unit provides the arithmetic/Boolean operand combination/modification 
mechanism including magnitude and overflow status. The ALU performs, as directed by the resident operation form, 
one of four basic functions which, when combined with the operand selections at the A and B multiplexers, extends 
the arithmetic/logic capabilities to that of a full 16-function ALU. 


When compared to other bit-slice processor elements, unique to the ‘S481 arithmetic architecture are the parallel 
input ports and fully microprogrammable symmetry for all ALU functions within the selections of the A and B input 
multiplexers. 


Logical and arithmetic operation forms for the ‘S481 are shown in Table 5. The full functional power of the ‘S481 
can be visualized only if it is understood that although both ALU’s have parallel A and B input ports, the ‘S481 
architecture not only provides access to multiple sources but has the capability to route true or complement of any 
source to the A and B ALU port. This means that for a subtract operation, the subtrahend may be either an A or B 
input. In addition to maximizing data routing capabilities of the ‘S481 at minimum logic/gate levels, this architecture 
permits fully symmetrical operations to be performed on the A or B sources within the selections offered by these 
‘S481 arithmetic/logical operation forms. 


TABLE 5 
‘S481 ALU AND LOGIC FUNCTIONS 


ICAL OP'S (FORM VIII 
DATA INPUT TWO’S COMPLEMENT INTEGER ARITHMETIC OP'S Oe tee eeae MO) 


) 

MINUS 1 

MINUS 1 
MINUS 1 MINUS 2 
APLUS 1 A 
A A MINUS 1 
MINUS A MINUS A MINUS 1 
MINUS A MINUS 1 MINUS A MINUS 2 
BPLUS1 . B 
B B MINUS 1 
MINUS B MINUS B MINUS 1 
MINUS B MINUS 1 MINUS B MINUS 2 
A PLUS B PLUS 1 APLUS 8B 
A MINUS B A MINUS B MINUS 1 
B MINUS A B MINUS A MINUS 1 
MINUS A MINUS B MINUS 1] MINUS A MINUS B MINUS 2 


ie} 
2 
m 
n 


1?) 

2 

m 

n 
see 


b> > 
@ ®@ © 
ooo 


HBoa on a o @ 


> 
Q 
ie] 





Some unique one-clock arithmetic/iterative capabilities of the ‘S481 are listed in Table 6. 


TABLE 6 
EXTENDED ALU FUNCTIONS OF ‘S481 






A{(ALU) B- WR 
A (ALU) B + XWR 
A (ALU) B+ PC 


A (ALU) B DOUBLE-PRECISION SHIFTED LOGICAL LEFT OR RIGHT 


A (ALU) B SINGLE-PRECISION SHIFTED LOGICAL OR ARITHMETIC 
LEFT OR RIGHT 
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Table 5 also indicates the 16 logical combinations of two Boolean variables which are selectable for the OR, NOR, and 
exclusive-NOR functions. Full symmetry of the ALU and the ability to select the complement of input data extends 
the logic functions for performance of: 


NAND 

AND 

Exclusive-OR 

Mixed combinations of each 

Transfer functions for true or inverted data 
All ones or all zeros. 


~> 29 A290 oT @ 


2.7 ALU MAGNITUDE AND CARRY FUNCTIONS 





The ‘S481 ALU is fully decoded on chip to generate three magnitude outputs (status lines) and both ripple and 
look-ahead carry functions. The magnitude outputs and their status indications are as follows: 


2.7.1 Equal (EQ, See Figure 5) 


The results of the resident ALU operation are compared at the sum-bus for all bits high during subtract and left-shift 
arithmetic operations, or for all bits low during other operations. 


MMMM 
WN=O 






EQUAL 
OUTPUT 

(OPEN 
COLLECTOR) 


H FOR COMPARE 


L FOR OTHER 
OPERATIONS 


LOGIC 


fis oe ts Ot Pe 


H=HIGH LEVEL, L=LOW LEVEL 
FIGURE 5 — EQUAL OUTPUT 
2.7.2 Logically-Greater Than (LG, See Figure 6) 
In the most-significant package (MSP) the X look-ahead function from the ALU is inhibited and the 
logically-greater-than (LG) output is enabled. See Figure 6. The MSP LG output is active during arithmetic and shift 


operation forms to provide a status indication that can be used when it is desirable to compare two unsigned integer 
numbers. The specific status for each operation form is listed in Table 7. 
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EQUAL 


C-OUT 


| 

| 

| 

| 

| 

| 

| 

H FOR 
| LroROTHER 
| OPERATIONS 
| 
| 
| 
| 
| 
| 
| 
| 


MSP 





H=HIGH LEVEL, L=LOW LEVEL 
X IS CARRY LOOK-AHEAD FUNCTIONS 


FIGURE 6 — MSP LOGICALLY-GREATER-THAN (LG) OUTPUT 


TABLE 7 
MSP LOGICALLY-GREATER-THAN (LG) OUTPUT 


OP FORM TYPE OF OP LG = H INDICATES 
lor HW (ARITH) 
ALL 


ii (ARITA WITH SHIFT 
a eee een ee 

vit (COMPARE) 
a ————————— 


X THRU XIV HARDWIRED ALGORITHMS SEE OPERATION FORM DESCRIPTION 









x-BUS # ZERO (EQ = L) 






2.7.3 Arithmetically-Greater Than (AG, See Figure 7) 
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In the most-significant package (MSP) the Y jook-ahead function from the ALU is inhibited and the 
arithmetically-greater-than (AG) output is enabled. The MSP AG output is active during arithmetic and shift operation 
forms to provide a status indication that can be used when it is desirable to compare two signed integer numbers. The 
specific status for each operation form is listed in Table 8. 
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=0 


xO 


AG (MSP) 
OUTPUT 
Yo 





MSP 
L FOR ARITH OPERATIONS 
H FOR LOGICAL OPERATIONS 


p------------ 


H=HIGH LEVEL, L=LOW LEVEL 
X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS 


FIGURE 7 — MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUT 


TABLE 8 
ALU CARRY AND MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUTS 


LSP AND IP 


At = ga tt = 
LOGICAL OPERATIONS x- | reus-0 | 0 | cm | x- | zeus +0, #0Q-| ©-BUS > fseus>o | =-BUS = s-sus-0 | 


ARITHMETIC OPERATIONS: ALGB AAGB 
C-OUT UT = C-OUT OUT 
2 BLGA BAGA 


| _=-BUS=0 | 0 | COUT | } E-BUS #0 | |EBUSAGO | |E-BUS AG 0| | COUT | 















OPERATION FORM 











COMPARE 


ALL OTHER ARITHMETIC 


X and Y are carry look-ahead functions. 


2.8 OPERAND OVERFLOW 
In the most-significant package (MSP) the counter-carry output (CCO) function from the program/memory counter is 
inhibited and the overflow (OV) output is enabled. The MSP OV output is active during arithmetic and shift operation 
forms to provide a status indication that the result of the operation cannot be correctly represented with the number 


of bit positions available. When the OV output goes high, it indicates that the next clock will: 


a. During arithmetic operations, cause the ALU to overflow. 
b. During left-shift arithmetic operations, cause the shifted register to overflow. 


Table 9 enumerates the specific indicators generated. 
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TABLE 9 
MSP OVERFLOW (OV) OUTPUT 


OP FORM TYPE OF OP OV =H INDICATES 


tor I (ARITH) ADD or SUB ALU OVERFLOW 
LSL,RSL . ALU OVERFLOW 


Se ener ei SE ee ee) 
NEXT CLOCK WILL CAUSE 
SHIFT OVERFLOW 
NEXT CLOCK WILL CAUSE 


ALL OTHERS 










1 (ARITH WITH SHIFT) 












RSA 
LSA 
IV, V, or VI (SHIFTS) LSA 
Vil (COMPARE) A:B UNDEFINED 
B:A UNDEFINED 
Vili (LoGigAu 


X THRU XIV HARDWIRED ALGORITHMS SEE OPERATION FORM 
DESCRIPTIONS 
H 


= high level, L = low level 
2.9 SUM’ BUS MULTIPLEXER 





The sum’-bus multiplexer, sourced by the ALU, provides a means for accomplishing a shift operation on the ALU 
operand without affecting the contents of WR, XWR, PC or MC (See Figure 8). Functionally, this multiplexer can be 





used to: 
a. Shift the operand left or right (one bit position) arithmetic, logical, or circulate 
b. Pass the operand without shift to the L’ bus. 
FROM ALU 
3 r2 x1 x0 
C OUT 
TO WRLFT MUX AND TO WRAT 
XWRLFT MUX. . MUX 
FROM 
XWRLFT’ MUX 
FROM FROM 
WRLFT’ MUX XWRRT 
MUX 
"MUX 
—S “—~ “HY —“- 
FROM FROM FROM. FROM 
LOGIC LOGIC LOGIC LOGIC 
ARRAY ARRAY ARRAY ARRAY 
‘3 pes Dt z'0 





TO: DO MUX, PC, MC, WR MUX, XWR MUX, 3-STATE BUS 


FIGURE 8 — SUM BUS MULTIPLEXER 
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Full sign protection and fill-in is provided in the MSP and LSP under control of the relative position inputs. 


Information on the 2’ bus can be accessed during some operations through the 3-state L’ bus control buffer at the B 
input/output port. 


The parallel data input ports and the !/O capability of the B port, combined with the Z-bus access, provides 
considerable flexibility for performing simple shifts or combinations of operation-and-shift on data or operands 
resident in the external working memory locations. 


2.10 B-INPUT/OUTPUT CONTROL 


The B-input/output port is isolated from the sum’ bus by a 3-state control buffer when the buffer outputs are at a 
high-impedance. Enabling the buffer routes the sum’ bus data to the B-port. The low-current inputs of the B port 
latch minimizes loading effects, and the buffers can source 6.5 mA or sink 10 mA of drive current in the output 
mode. During the output mode, the ‘bus data can be latched in the B input latch. Enabling or disabling is 
accomplished by the I/O control input. See Table 10 and Figure 9. 





TABLE 10 
B-INPUT/OUTPUT CONTROL 


1/0 CONTROL 1/O BUFFER OUTPUT 





L SUM’ BUS DATA 
H HIGH-IMPEDANCE 


D'3 D2 D1 >'0 
BI/O 
SELECT 
BI/O3 BI/O2 BI/O1 BI/OO 
TO BI/O PORT 


FIGURE 9 — B-INPUT/OUTPUT CONTROL 
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2.11 WORKING REGISTER 


The working register (WR) is a 4-bit D-type register which functions as.an accumulator during iterative arithmetic 
operations or as a temporary holding register for intermediate operands (see Figure 10). It is sourced by the WR 
multiplexer. Storage of setup data, under control of the resident operation forms which permit the WR to be a 
destination, occurs on the positive transition of the clock. WR shifting capabilities are implemented in the WR 
multiplexer. The working register can be selected to source the data-out port multiplexer (DO MUX), A-input 
multiplexer (A MUX), or B-input multiplexer (B MUX). The MSB of the WR is sourced to the WRLFT MUX, and the 
LSB of the WR is sourced to the WRRT MUX to facilitate expansion. 


2'3 x'2 zt 20 





FROM FROM | 
WRLFT’ MUX WRRT 


WR 


TO 
TO WRLFT WRRT 
MUX MUX 





TO: DO MUX, A MUX, B MUX 


FIGURE 10 — WORKING REGISTER (WR) AND WR MULTIPLEXER 


An asynchronous control line, LDWR, is available to facilitate loading the working register directly from the A input 
port in combination with the resident micro-operation. 


2.12 WORKING REGISTER MULTIPLEXER (WR MUX) 


The working register multiplexer provides source selection, including the bidirectional shifting capability, for the 
working register. See Figure 10. Under direction of the resident operation, the WR MUX asynchronously selects 
either: 

a. A input port for direct loading 

b. 2’ bus for ALU operand results 
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c. Hold mode for no change 

d. Shift left 

e. Shift right 
End conditions for both shift left and shift right operations are routed to or from WR MSB (WR3) or WRLSB (WRO) 
to the WRLFT/WRLFT’ multiplexers or to the WRRT/WRRT’ multiplexers respectively. 


EXTENDED WORKING REGISTER 


The extended working register (XWR) is a 4-bit D-type register which functions primarily as an extension of the 
working register to provide the double-precision operation capabilities needed for iterative multiply and divide 
routines (see Figure 11). Additionally, the storage capabilities of the XWR are available for use as another temporary 
holding register for intermediate operands during a number of the single-precision operation forms. \t is sourced by 
the XWR multiplexer. Storage of setup data, under control of resident operation forms which permit the XWR to bea 
destination, occurs on the positive transition of the clock. XWR shifting capabilities are implemented in the XWR 
multiplexer, The XWR can be selected to source the data-out port multiplexer (DO MUX), B-input multiplexer (B: 
MUX), or the XWR multiplexer (XWR MUX). The MSB of the XWR is sourced to the XWRLFT’ MUX, and the LSB 
of the XWR is sourced to the XWRRT’ MUX to facilitate expansion. 





FROM FROM | 
XWRLFT MUX XWRRT 


XWR 
MUX 


XWR 


TO 
XWRRT 


TO XWRLFT 
MUX MUX 





TO: DO MUX, B MUX 


FIGURE 11 — EXTENDED WORKING REGISTER (XWR) AND XWR MULTIPLEXER 
EXTENDED WORKING REGISTER MULTIPLEXER (XWR MUX) 


The extended working register multiplexer provides source selection, including the bidirectional shifting capability, 
for the extended working register (see Figure 11). Under direction of the resident operation, the XWR MUX 
asynchronously selects either: 

a. 2’ bus for ALU operand results 

b. Hold mode for no change 
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Cc. Shift left 
d. Shift right. 


End conditions for both shift left and shift right operations are routed to or from XWR MSB (XWR3) or XWR LSB 
(XWRO) to the XWRLFT/XWRLFT’ multiplexers or to the XWRRT/XWRRT’ multiplexers respectively. 


2.14.1 &-Bus, WR, XWR MSB Shift Transfer Multiplexers 


The MSB shift transfers are accomplished by the WRLFT, XWRLFT input/output multiplexers and the WRLFT’, 
XWRLEFT’ sum-bus/register MSB input multiplexers. All four multiplexers, and the impedance of the 3-state I/O lines 
of the WRLFT and XWRLFT multiplexer outputs are under control of the resident operation code and the relative 
position contro! (POS). Data paths of the multiplexers are illustrated in Figure 12, and bit transfers with respect to 
each of the shift operations are enumerated in Tables 11 through 14. 


2.14.2 WRLFT, XWRLFT Multiplexers 


The WRLFT, XWRLFT input/output multiplexers facilitate routing of the working register, extended working 
register, or sum bus MSB out the WRLFT, XWRLFT !/0’s during output modes. In an input mode, the three-state 
output is at a high impedance permitting the WRLFT and/or the XWRLFT pins to be used as inputs. 


2.14.3 WRLFT’, XWRLFT’ Multiplexers 


The WRLFT’ multiplexer selects the source for either the sum bus or working register MSB. Sign bit protection and 
right-shift bit-fill functions are all handled on-chip by these multiplexers under control of the operation code and 
relative position. The WRLFT’ sources are: 


WRLFT (input) 

ALU carry out (for sign-fill) 

Low level (for zero-fill) 

XWRLEFT input 

XWR MSB 

WR MSB (sign-fill in for RSA) 
Sign fill in for RSA (see Figure 12) 


erpaoge 


The XWRLFT multiplexer selects the source for XWR MSB and provides sign-bit protection and right-shift-fill 
functions for the XWR. The XWRLFT sources are: 


a. XWRLEFT (input) 
b. WRLFT 
Cc. XWR MSB (sign-fill in for RSA) 


2.14.4 WR, XWR LSB Shift Transfer Multiplexers 


The LSB shift transfers are accomplished by the WRRT, XWRRT. input/output multiplexers and the WRRT’, 
XWRRT’ sum-bus/register LSB input multiplexers. All four multiplexers, and the impedance of the 3-state 1/0 lines of 
the WRRT and XWRRT multiplexer outputs, are under control of the resident operation code and the relative 
position control (POS). Data paths of the multiplexers are illustrated in Figure 13. 
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2.14.5 WRRT Multiplexer, XWRRT Buffer 


The WRRT input/output multiplexer facilitates routing of sum-bus or working register LSB out the WRRT I/O during 
output modes. The XWRRT I/O buffer can access and source the XWR LSB. In an input mode, the three-state output 
is at a high impedance permitting the WRRT and/or XWRRT pins to be used as inputs. 


2.14.6 WRRT’, XWRRT’ Multiplexers 
The WRRT’ multiplexer selects either the WRRT input or a low logic level (fill) input as the LSB source for either the 


working register or fhe sum-bus. The XWRRT’ multiplexer selects between the XWRRT input and low logic levet (fill) 
input as the XWR LSB source. 





‘$481 | 
FROM LOGIC ARRAY 







(TO WR3 


| 

| 

| 
WRLFT | 
AND x3) | 
| 

| 

| 


XWRLFT 


(TO XWR3) 


FROM 
XWR3 


FROM LOGIC 


Bey St eet Ns gee ett an eee ey Lee et Sk eat oe ees (oil 


FIGURE 12 — SUM-BUS, WR, XWR MSB SHIFT TRANSFER MULTIPLE XERS 
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TABLE 11 : 
WORKING REGISTER BIT TRANSFERS TO WRLFT/WRRT 


SHIFT MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION 
MODE WRLFT WRLFT’ WRRT’ WRRT | WRLFT WRLFT’ WRRT’ WRRT | WRLFT WRLFT’ WRRT’ WRRT 
LSL (DP) 
LSA (SP) WR3 
LSA (DP) XWR3 


LCIR (SP) WR3 
RSL (SP) z WRLFT 
RSA (SP) 
RSA (DP) 
wRO WRO 
WRO 





TABLE 12 
SUM-BUS BIT TRANSFERS TO WRLFT/WRRT 


SHIFT MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION 
MODE WRLFT WRLFT’ WRRT’ WRRT| WRLFT  WRLFT’ WRRT’ WRRT| WRLFT WRLFT’ WRRT’ WRAT 
LSL (DP) XWR3 x WRRT z =3 
LSA (DP) XWR3 x WRRT z 
x3 x WRRTZ 
LCIR (DP) XWR3 x WRRT z 
2 WRLFT x Z0 
RSL (DP) C-OUT x0 s : 
RSA (SP) 2 * x0 z r0 z WRLFT x r0 
RCIR (SP) Zz WRLFT x z0 : x0 


*VARIABLE = (23 +* ALU OVERFLOW) + (C-OUT » ALU OVERFLOW) 





TABLE 13 
EXTENDED WORKING REGISTER BIT TRANSFERS TO XWRLFT/XWRRT 


MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION 
XWRLFT XWRLFT' XWRRT’ XWRART XWRLFT XWRLFT' XWRRT’ XWRRT XWRLFT XWRLFT’ XWRRT’ XWRRT 


LSA (SP) XWR3 x XWRRT 
LSA (DP) WR3 x XWRRT 
x 


LCIR (SP) XWR3 XWRRT Zz 


Loi (DP) | wR3 x XWRAT : XWRRT 


RSL (SP) XWRLFT XWRLFT XWRLFT 
RSL (OP) WRLFET XWRLFT XWRLFT 
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TABLE 14 
SUM-BUS BIT TRANSFERS TO XWRLFT (MSP) 







MOST-SIGNIFICANT POSITION 
XWRLFT XWRLFT’ XWRRT’ XWRRT 





SHIFT 
MODE 


LSL (DP) Zz XWRRT 
LSA (SP) XWR3 XWRRT : 
LSA (DP) z XWRRT 


3 
LCIR (DP} _ 23 x XWRRT Zz 
RSL (OP) WRLFET XWRO 
RSA (DP) WRLFT - XWRO 
RCIR (SP) XWRLFT XWRO 
RCIR (DP) WRLFT XWRO 


NOTE: Intermediate and Least-Significant Positions are the same as shown in Table 13. 





x x 
NON 









x x 
NON 






NN 
x) x< 






NIN ON 
x 









x 
N 


N 
x 






(1/0) 


[ae ee ee re ee gt! eee 7 
\ ‘S481 l 
FROM LOGIC l 
ARRAY 
| | 
I z0 | 
| | WRRT 
—— 
| (1/0) 
| WRO | 
| 
J 
! l 
| WRRT | 
| (TO WRO | 
l AND 50) | 
| 
| l 
FROM LOGIC | 
| | 
| 
| 
XWRRT’ l 
| (TO XWRO) l 
| 
| 
| 
| XWRO Pola 
| 
| | 
| | 
| | 


FROM LOGIC 
ARRAY E 


FIGURE 13 — SUM-BUS, WR, XWR LSB SHIFT TRANSFER MULTIPLEXERS 
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2.15 


2.15.1 


2.15.2 
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SHIFT FUNCTIONS 


The ‘S481 contains the necessary controls and data paths to perform single or double length logical, arithmetic, or 
circulate bidirectional shift functions in a single clock cycle. Each of the six shift functions implemented are selectable 
by a single microinstruction; and, additionally two single clock operation forms are included which provide the 
capability of performing an add/subtract in conjunction with a shift. The six shift functions and the basic operation 
forms offering them are enumerated in Table 15. 


TABLE 15 
MICROPROGRAMMABLE SHIFT FUNCTIONS 


, 
FUNCTION WITH SHIFT 
SINGLE DOUBLE SINGLE DOUBLE 


vi 











LEFT CIRCULATE (LCIR) 
LEFT SHIFT ARITHMETIC (LSA) 
LEFT SHIFT LOGICAL (LSL) 
RIGHT CIRCULATE (RCIR) 
RIGHT SHIFT ARITHMETIC (RSA) 
RIGHT SHIFT LOGICAL (RSL) 


CIRCULATE (SHIFT) FUNCTIONS (MICROPROGRAMMABLE) 


Operation forms IV and V provide the system designer with the capability of programming a single precision circulate 


‘(or rotate) of the 2’ bus, working register, or extended working register and operation form V1 provides the capability 


of circulating or rotating a double-length word resident in the WR/XWR. A single-bit-position left or right circulate is 
accomplished on each clock without the loss of any bits as the shift transfer multiplexers, under control of the 
resident operation and position input, interconnect the bus or register as illustrated in Figure 14. 

The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for MSB > LSB for single precision circulates and for transfers to or from the D’ bus or working register 
and the extended working register during double-precision circulates. Data flow between packages in an expanded 
word-length system is via the interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals. 

ARITHMETIC SHIFT FUNCTIONS (MICROPROGRAMMABLE) 


Operation forms III, IV, V and V! provide the system designer with the capability of programming the following 
arithmetic shifts. 


Form Ill — A single-precision arithmetic left or sign-protected right shift of the sum or difference of the A and 
B operands destined for either the WR or XWR. 


Form 1V —.A single-precision arithmetic left or sign-protected right shift of the A operand destined for the X’ 
bus. 


Form V — A single-precision arithmetic left or sign-protected right shift of the WR or XWR contents. 


Form Vi — A double-precision arithmetic left or sign-protected right shift of the WR and XWR contents. 


1277 


SN54S481 
SN74S481 


SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 


LEFT CIRCULATE 
SINGLE PRECISION 
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OUT 
MSB 
FIRST 








SERIAL 
OUT 
MsB ~*— 
FIRST 
RIGHT CIRCULATE 
SINGLE PRECISION 
SERIAL 
OUT 
LSB ~ 
FIRST DOUBLE PRECISION 
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FIGURE 14 — CIRCULATE FUNCTIONS 
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2.15.3 


2.16 


2.17 


A single-bit-position shift is accomplished on each clock with right-shift sign-protection and left shift LSB zero-fill 
operations controlled by the shift transfer multiplexers under direction of the resident operation and the position 
input. See Figure 15. 


The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for transfers to or from the 2’ bus or working register and the extended working register during 
double-precision arithmetic shifts. Data flow between packages in an expanded word-length system is via the 
interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals. 

LOGICAL SHIFT FUNCTIONS (MICROPROGRAMMABLE) 


Operation Forms th, ltl, IV, V and VI provide the system designer with the capability of programming the following 
logical shifts: 


Form If — A double-precision left or right shift of the sum or difference of the A and B operands destined for 
the WR in conjunction with the XWR. 


Form Ill — A single-precision left or right logical shift of the sum or difference of the A and B operands 
destined for the WR or the XWR. 


Form IV — A single-precision left or right logical shift of the A operand destined for the 2’ bus. 
Form V — A single-precision left or right logical shift of the WR or XWR contents. 
Form VI — A double-precision left or right logical shift of the WR and XWR contents. 


A single-bit-position shift is accomplished on each clock with MSB and LSB fill operations controlled by the shift 
transfer multiplexers under direction of the resident operation and the position input. See Figure 16. 


The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for transfers to and from the 2’ bus or working register and the extended working register during 
double-precision fogical shifts. Data flow between packages in an expanded word length system is via the 
interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals. 


DATA-OUT PORT MULTIPLEXER (DO MUX) 

The data-out port multiplexer, Figure 17, provides selection for routing the contents of either the sum’-bus, working 
register, or extended working register to the parallel output port. Additionally, the multiplexer is equipped with 
3-state outputs providing the capability to isolate the ‘S481 from the system data bus. Source selections and 
high-impedance controls are detailed in Table 16. 


Each data output is capable of sourcing 6.5 and sinking 10 milliamperes of drive current. 


MEMORY AND PROGRAM COUNTERS. 


* Dual counters provide the system designer with a processor element containing both an iteration counter and the 
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capability of generating and/or storing locations of operands/data. 


Either counter can be loaded or preset to any value or result from the sum bus in operations forms as follows: 


SELECTABLE AS 


DESTINATION 
OP FORM PC MC 
l Yes Yes 
I No Yes 
VIW -Yes No 
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SN54S481/SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 
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FIGURE 15 — ARITHMETIC SHIFT FUNCTIONS 
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FIGURE 16 — LOGICAL SHIFT FUNCTIONS 


2-30 1277 


WR3 


XWR3 23 


le 


SN54S481 


(as ma) es 


DOP3 


SN74S481 
WR2 WR1 WRO 
XWR2 D'2 XWR1 D1 XWRO z‘0 
DOP2 DOP1 DOPO 


FIGURE 17 — DATA-OUT PORT MULTIPLEXER (DO MUX) 


Under contro! of the position (POS) 
input and the resident operation 
code, the CCO/OV output facilitates 
cascading the program and memory 
counters. In the least-significant and 
intermediate positions, the CCO pins 
of lesser significant packages are 
connected to the CCI pins of more 
significant packages to complete the 
counter interconnections to the 
bit-size of the processor element. 


The functionally identical program 
and memory counters, sharing a 


TABLE 16 
DATA-OUT PORT CONTROL 


CONTROL 
INPUTS 


SOURCE OR FUNCTION 


2’-BUS 

EXTENDED WORKING REGISTER 
WORKING REGISTER 
HIGH-IMPEDANCE 


common counter carry input (CCI) contro! pin and a common counter carry output (CCO) pin, feature individual 
control lines (INC PC, INC MC) which can be used to instruct either (but normally not both) or neither counter to 
increment on the next clock transition in any of the 14 operation forms. Additionally, the counter in the LSP, under 
command of the POS input, has the capability of incrementing its value by one or by two to facilitate the generation 
of even or odd address locations in a single clock cycle. Contents of the counters can be read out from the address out 
port asynchronously under control of the address output multiplexer (AQ MUX) select input. 


Typical counter functions with respect to package relative positions are shown in Figure 78. 


In the MSP, the CCO/OV oe as a result of the position (POS) control, becomes the ALU/shift overflow (OV) 


status output. 
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INC MC 


INPUTS COUNTER VALUE 


ne (UNTER VALUE 
INC PC INC MC LSP MC LSP PC MSP, IP MC MSP, IP PC 
H H A 
‘s H 


H=HIGH LEVEL, L=LOW LEVEL, X=IRRELEVANT , 4 =LOW-TO-HIGH TRANSITION 





FIGURE 18 — PROGRAM AND MEMORY COUNTER FUNCTIONS 


2.18 ADDRESS-OUT PORT MULTIPLEXER (AO MUX) 


The address-out port multiplexer, Figure 19, provides for direct parallel access to the contents of either the program 
or memory counter ‘contents. A single line controls selection as shown in Table 17. 


TABLE 17 
ADDRESS-OUT PORT CONTROL 


CONTROL 


COUNTER SELECTED 
INPUT AO 


MEMORY 
PROGRAM 
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PC3 MC3 PC2 MC2 PC1 MC1 PCO MCO 


AO 


AO3 AO02 AO1 AOO 


FIGURE 19 — ADDRESS-OUT PORT MULTIPLEXER (AO MUX) 


2.19 EXPANDING THE WORD LENGTH 


3.1 


1277 


The ‘S481 processor element contains on-chip personality circuitry designed specifically to minimize the external 
discrete components required to cascade 4-bit slices to form larger word lengths. At the processor-element level, three 
external resistors are all that is required: one to pull-up the open-collector outputs and two to establish the position 
control input voltage at the LSP. Figure 20 shows a typical 16-bit processor element and illustrates the parallel bus 
arrangements for I/O and control with an SN74S182 performing ALU look-ahead across the 16-bit word. 
Interconnectivity for the shift, arithmetic, and counter functions is accomplished by hardwiring the functions as 
shown. 


At the system level, standard techniques commonly employed for power-supply bypass, termination of unused pins, 
and system grounding of high-performance Schottky TTL systems are recommended. 


OPERATIONAL DESCRIPTIONS 

MICRO/MACRO-OPE RATIONS 

The micro/macro-operations resident in the micro-decode logic array can be accessed with an _ eleven-bit 
operation-select word. Operational flexibility is maximized by the fact that the op-select word format has been 
defined individually for each of the 14 different operation forms. 

Operation Forms |, II, and If! are primarily ALU functions. Forms !! and [1] combine logical or arithmetic shifting 
functions with the ALU result. Form It! can be used for double-precision shifting. Sources, specific ALU function, 


shift format, and destinations are detailed for each op-select word format. 


Forms IV, V, and VI perform either logical or arithmetic, bidirectional shifting of the single- and double- 
precision buses and registers. 


Form VII can be used to compare the magnitude of A source to B source, or B source to A source. 
Form VIII provides the capability to logically combine the values of the A and B sources. 


Form |X zeros the 2’ bus with the effect of providing no operation. 
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OVERFLOW OV ENABLE 


LOGICALLY 

GREATER THAN 
ARITHMETICALLY 
GREATER THAN 
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*LD WR 


EQUAL 


Forms X through XIV are macroprogrammable operations which provide: 


> 


CRC partial sum update (normally Nick} 


2 
Signed Divide (N + 3 clocks) 
Unsigned Divide (N + 1 clocks) 
N-bit-by-N-bit double-precision unsigned multiply (N clocks) 
N-bit-by-N-bit double-precision signed multiply (N clocks) 


a 


e290 


The 14 operation forms, symbols, and number of unique operations are detailed in Table 18. 


7 OPERATION-SELECT BUS 
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FIGURE 20—TYPICAL 16-BIT PROCESSOR 
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TABLE 18 — OPERATION FORM, COMMAND FORMAT, AND TEST OUTPUTS 






















COMMAND FORMAT TEST OUTPUTS 


: use [| see Ss 
OP4 OP7 ops OP9 tin LG Y OVFL €CO 
(17) (11) (15) (16) (18) (21) (20) (37) 


A SOURCE B SOURCE A'ENCT | B‘FNCT [= CARRYJ>#ZERO |Z >ZERO | E=ZERO | COUT x4 v4 OVEL 
LLL = BI>B 
LL= AIA LLH=H’S +B : 
LH=H’S?A LHL=BI+>-WR->B 
= LHH = WR ~ B 
lane HLL= Bl + XWR>B 
WA ts HLH = XWR +B 
HHL = BI > PC +8 


rae y#zeRo |=>zeERO |¥'=ZERO 
L 
| 

L 


Lee 





OPERATION FORM 


OPERATION 


(tA +8 + CIN) > &’ BUS ONLY2 
























(+A £8 + CIN) > REGISTER 


REGISTER 






LL=2'+WR 
LH = 2'> XWR 
HL = 2'> PC 
HH = 2°> MC 











(A+B + CIN) & WR, XWR2 


(B —A — 1) & WR, XWR 










B' SOURCE 
LL= BI +B’ 
LH = WR > B’ 
HL = XWR > B’ 
HH" = L’S +B’ 
REG ORAI 


LL=Al& X 


H H HL = XWR & XWR 
AXWR-AVR, XWR 


B’ SOURCE 
(SAME AS FORM | ABOVE) 


(A +B+CIN) © REGISTER 






















Vv LAL® 2° BUS 

: 
VB_| XWR & XWR 

WR, XWR & WR, XWR 


MALA:B (N1:N2} 


VIIBI B:A (N1:N2) 


tA| NOR/AND LOGICAL OPERATIONS 
HIB |} OR/NAND LOGICAL OPERATIONS 
RIC |] EX OR/EX NOR LOGICAL 
OPERATIONS 

x 
SIGNED 
INTEGER 
DIVIDE 
XH TUNSIGNEDA. START 

DIVIDE 5 


LH = ARITH 
HL = ROTATE 
HH (NOT DEFINED) 









Foi a 
> 







ye 


L#ZERO {Y>ZERO 


t L 











B SOURCE 
LL=BI>8 
LH=WR>B 
HL = XWR>B 


FUNCTION 
LHL = NOR 
LHH=OR 
HLL = XOR 






























Pl 55s 
fj sl a8 





Pease 





B. ITERATE (N-1 CLKS) 


Hit }] UNSIGNED MULTIPLY 
XIV } SIGNED INTEGER MULTIPLY 


8 


=f 
< 
5 
RA 
3 














DO1 SEL (29) 
AO SEL (42) 002 SEL (30) BI/O SEL (29) CD WR (24) INC MC (35) NCPC (43) CCi (44) "POS (19) PIN ASSIGNMENTS 
L MC LL x’ BUS tL = OUTPUT L Al >WR tL - tNc L {NC LSPL:x 1 ‘ OV=MID {Al | WRRAT (26) CK (45) 
HPC LH WR H INPUT H NOLOAD H_~ HOLD H HOLD LSP H: x 2 2.4 V=LSP 0 (LSB) WRLFT (25) Vec (12) 

HL XWR MID OR MSP 5 V = MSP 1 XWRRT (28) GND (36) 

HH Hi-Z L CARRY N 2 XWRLFT (27) 

H NOCARRY 3 (MSB) 
NOTES: 1. NUMERALS IN PARENTHESIS ARE PIN NUMBERS 5. O1S OUTPUT ON LSP, 11S INPUT ON LSP 
2. > DESTINED FOR ® SHIFTED AND DESTINED FOR 6. O 1S OUTPUT ON MSP, | IS INPUT ON MSP 


3. H = HIGH VOLTAGE LEVEL, L = LOW VOLTAGE LEVEL 7. VOLTAGE VALUES ARE NOMINAL 
4. X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS 
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3.2 OPERATION FORM! ~— ADD/SUBTRACT > REGISTER 


Operation Form | is designed specifically to perform the addition or symmetrial subtraction of two operands. The 
operation form shown in Figure 21, is composed of two distinct capabilities: 








FORM IA 
FORM IB 
FORM IA: A PLUS B PLUS ALUCIN —= _ x’ BUS ONLY 
FORM IB: A PLUS B PLUS ALUCIN —=— REGISTER 
A-SOURCE SEL B-SOURCE SEL ACTIVE CARRY REG. DESTINATION SEL 
CIN = H: 
Loko LoL ot L{ BImB GcARAY 
en Louw oeow eH] BB 
Lo oHoOL Lobo oH LY HB 
L H H L L H H L~ B* CIN =L: 
H oL ok tL oH tw tL] BI-wR~B exanvineue 
H tL oH LH tL 4H] BITWR—B 
H HOLL LH Ht wrest 
Laat SEE BiH. Be) BR WR 1. OVFL (MSP) =H 
n . t t Bl: XWR~B Indicates that operation in process will cause 
H tt tt 4H] BI xXWR~B 
ALU to overflow. 
ASYNCHRONOUS CONTROLS: H LL HL xwR—~sB 
SEL B INPUT/OUTPUT* i ake PL Wea 2. MAGNITUDE: The © Bus is compared to ZERO, 
SEL DOP SOURCE H Hl . : Bea Resultant outputs are: 
SEL AOP SOURCE HoH be ACU UBT Fe o=8 AG = H (& Bus Arithmetically > ZERO) 
INCREMENT PC OR MC HOH HL} PCB LG = H (2 Bus + ZERO) 
INHIBIT PC AND/OR MC HOH HH | PC Be EQ =H (2 BUS = ZERO) 
LOAD WR 
*BI/O CAN BE USED AS OUTPUT ——— 5 
H=HIGH LEVEL, L=LOW LEVEL 3. C-OUT (MSP) = L 
Indicates ALU Carry Out. 
>’ BUS 
FIGURE 21 — FORM 1—ARITHMETIC OPERATIONS: A PLUS B PLUS ALUCIN > 
REGISTER 
a. Form 1A provides the capability of adding or subtracting two operands and routing the results to the 


LD’ bus. Symbolically, this operation can be expressed as: 


PLUS , 
A canuel B PLUS ALUCIN > 2’ BUS 


This form provides the capability of choosing from any one of the A and any one of the B sources 
listed in Figure 21 as the operands to accomplish the add/subtract. The example illustrated in Figure 
22 utilizes the {/O capability of the B input/output port. Input data at the Al or B {/O is setup and 
then latched into the ‘S481 A or B input latch on the negative transition of the ‘S481 clock. 


During Form {A operations, the contents of the extended working register are not changed and the 
working register may be saved or loaded directly. The program or memory counters under control of 
the asynchronous increment, inhibit, and LSP CCI can be saved or either may be incremented by one 
or two. Sources for the DOP and AOP are also selectable. 
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SINGLE — PORT 

REGISTER FILE 

('170, 'LS170, OR 
‘LS670) 


‘S481 
PROCESSOR 


ENABLE 
MEMORY 
DATA 


MEMORY 





TYPICAL CYCLE ————___—_—___» 
(REAO-THEN-WRITE THE SAME REGISTER) 





SYSTEM 
_ Peer. 
OPERATION C§AA)KYVY MAAN/YV/Y 
SELECT BUS OY) | ROKK 
WYVVVY YVYVVVVY 
BI/O SEL (INPUT) OOKKXKA AOXXXKX 


MV VV VYVVYVYVY VY VV VV YY VVVV 
Bo mem.paTa | XXXL RAK 
RF WRITE DATA 


ws armEAo BRAT XTRRERREDK ae eas ora XT XIE 


| 


RF WRITE 

CONTROL 

‘AI DATA T XKXKKX RF READ OATA | YXYXXKKKKX 
MAAINIVLNAL, IMAIVAIVEWN 


(INTERNAL 'S481) 


ROY = IRRELEVANT 


FIGURE 22 ~— ‘S481 OPERATION WITH SINGLE-PORT REGISTER FILE 
The overflow and magnitude status lines are active as enumerated in Figure 21. 


Form 1B provides the capability of adding or subtracting two operands and routing the results to one 

of the four ‘S481 storage destinations: the working register (WR), the extended working register 

(XWR), the program counter (PC), or the memory counter (MC). Symbolically, this operation can be 
expressed as: 

PLUS 

A | MINUS B PLUS ALUCIN > REGISTER 


This form provides the capability of choosing from any one of the A and any one of the B sources 
listed in Figure 21 as the operands to accomplish the add/subtract. 
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3.3 


3.4 
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OPERATION FORM II — ADD/SUBTRACT WITH DOUBLE-PRECISION SHIFT 


Operation Form II is designed specifically to perform one of two classical iterations used frequently to implement 
microprogrammed multiply and divide algorithms. This form provides the system designer with the capability of 
selecting a single microinstruction which will complete both the add-and-shift or subtract-and-shift functions in a 
single clock cycle. Available microinstructions are illustrated in Figure 23. Symbolically, Form I! operations can be 
represented as: 


(A PLUS B PLUS ALUCIN) SHIFTED > WR, XWR 
(B MINUS A MINUS 1) SHIFTED > WR, XWR 


Hardwired algorithms for double-precision multiply and divide routines can be selected in operation forms X$, XII, 
XIU, or XIV. 


During Form II operations the status, overflow, and asynchronous controls are the same as described for Form |. 












FORM IIA (A PLUS B) SHIFTED —™ WR, XWR 
FORM IIB (B MINUS A MINUS 1) SHIFTED —™ WR, XWR 
A-SOURCE SEL B-SOURCE SEL me ea, ee DIRECTION 
(NO CARRY) LSL (2’ BUS, XWR) — WR, XWR 
RSL (Z’ BUS, XWR})—m WR, XWR 
CIN=L 
ASYNCHRONOUS *BI/O CAN BE CARRY INPUT 
CONTROLS: USED AS OUTPUT 
SEL B INPUT/OUTPUT* 1. OVFL (MSP) = H 
SEL DOB SOURCE Indicates that operation in process will cause ALU to overflow. 
SEL AOB SOURCE 
INCREMENT PC OR MC * 2. MAGNITUDE: The & Bus is compared to ZERO 
INHIBIT PC AND/OR MC Resultant outputs are: 
LOAD WR AG = H(z Bus Arithmetically > ZERO} 


LG = H (> Bus # ZERO) 
EQ = H(z Bus = ZERO} 


H = HIGH LEVEL, L = LOW LEVEL 


3. C-OUT (MSP) =L 
Indicates ALU Carry Out. 


FIGURE 23 ~— FORM Il—ARITHMETIC WITH DOUBLE-PRECISION SHIFT 
A B 
| | PLUS | A PLUS CARRY SHIFTED WR, XWR 


(MULTIPLY AND DIVIDE SHIFT OPERATIONS WITHOUT AUTOMATIC CONTROL) 


OPERATION FORM Il — ADD WITH SINGLE-PRECISION SHIFT 


Operation Form III is a universal microinstruction providing the designers with the capability of performing an 
add-and-shift function in a single clock cycle. Sources and destinations are shown in Figure 24. Also enumerated are 
the shift functions which are selectable as part of the microinstruction. 
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Magnitude and overflow status indicators are active as enumerated in Figure 24. Form III can be represented 
symbolically as: 
(A PLUS B PLUS ALUCIN) SHIFTED > XWR, OR MC 
During Form I!I operation the contents of the working register are not changed unless an asynchronous load is 


selected. !f not selected as the destination, the extended working register will be saved. The memory counter can be 
the operand destination, or it and the program counter can be saved, or one can be incremented by one or two on 
selection. Sources for the DOP and AOP are also selectable. 


° - N ” + .f) nN |p a) > wo 
Q a a Qa a Qa a pa fom 
o 6 6 6 6 6 6 b&b 6 6 6 


H H L H| a | Bi eo | c | 01 dO = 6S 


(A PLUS B PLUS ALUCIN) SHIFTED REGISTER 


a Mh ane 





A-SOURCE SEL B-SOURCE SEL ACTIVE CARRY SHIFT SEL REG. DESTINATION 
CIN =H: 
NO CARRY 
CIN =L: 
CARRY INPUT 
ASYNCHRONOUS CONTROLS: 
SEL B INPUT/OUTPUT 1. OVFL (MSP) = H Indicates that the shift operation in 
SEL DOB SOURCE process will cause the selected register to overflow. 


2. *MAGNITUDE: During LSA or RSA, A plus C (N14) is 
INCREMENT PC OR MC compared to B (N2); during the remaining operations, the 
» Bus is compared to ZERO. Resultant outputs are: 
SNE a ene ye AG = H (N1 ARITHMETICALLY > N2) or (% BUS 
Rape G ARITHMETICALLY > ZERO) 
H = HIGH LEVEL, L = LOW LEVEL LG =H (N1 > N2) or (X BUS # ZERO) 
: EQ = H(N1 = N2) or (& BUS = ZERO) 
3. COUT (MSP) = L Indicates ALU Carry Out. 


SEL AOB SOURCE 


FIGURE 24 — FORM III—ARITHMETIC WITH SINGLE-PRECISION SHIFT 
(A PLUS B PLUS ALUCIN) SHIFTED > XWR OR MC 


OPERATION FORM IV — Al SHIFTED > 2’ BUS 

Operation Form IV is designed specifically for performing a single bit-position logical, arithmetic, or circular shift of 
the data applied at the A input port. This single clock operation can be used to shift information residing in any of the 
external working memory register locations simply by enabling the output capability of the B!/O port and writing the 


shifted word back into the same (or any other selected) memory location. 


Asynchronous controls are the same as described for Operation Form IA, and the magnitude status lines are active 
and overflow is active during left-shift arithmetic (LSA) operation as enumerated in Figure 25. 
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5 $6 6 6 6 6 6 6 6 GS 
H Ww H LL H H LL LY v2 Dt 
SHIFT SEL 


LSL 

RSL 

LSA 

RSA 

LCIR 

RCIR 

NOT DEFINED 
NOT DEFINED 


ASYNCHRONOUS CONTROLS: 


SEL B INPUT/OUTPUT 
SEL DOB SOURCE 

SEL AOB SOURCE 
INCREMENT PC OR MC 
INHIBIT PC AND/OR MC 
LOAD WR 


H = HIGH LEVEL, L = LOW LEVEL 


Pm ea ie 
Le ee ee 


L 
L 
L 
L 
H 
H 
H 
H 





1. COUT =CIN 


2. OVEL (MSP = H) 
Indicates that LSA operation 
in process will cause shift over- 
flow. For all other operations, 
OVFL=L. 


3. MAGNITUDE: At is compared 
to ZERO. Resultant outputs are: 


AG = H (Al > ZERO) 


LG = H (Al # ZERO) 
EQ = H (A! = ZERO) 
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FIGURE 25 — FORM IV-Al SHIFTED > =’ BUS 
OPERATION FORM V — SINGLE-LENGTH SHIFT 


Operation Form V performs a single-bit position, logical, arithmetic, or circular shift of either the working register or 
extended working register. Magnitude status indicators are active and overflow is active during left-shift arithmetic 
(LSA) operations as enumerated in Figure 26. Asynchronous controls are the same as described for Operation Form 
1A. 


. ASYNCHRONOUS CONTROLS: 


SEL B INPUT/OUTPUT 
SEL DOB SOURCE 

SEL AOB SOURCE 
INCREMENT PC OR MC 
INHIBIT PC AND/OR MC 
LOAD WR 


L 
L 
L 
L 
H 
H 
H 
H 


H = HIGH LEVEL, L = LOW LEVEL 


WR 
FIGURE 26 — FORM V: SHIFTED > 
XWR 


Dor eo ee 


WMT Tae Oa ae” a aa Ee 





LSL 

RSL 

LSA 

RSA 

LCIR 

RCIR 

NOT DEFINED 
NOT DEFINED 


° = N o s te) © i oe) oa) iz 
a a o. a. a. a a. a a. a. = 
oO e) ° o ° [eo] ) ° Oo 12) jO 
FORM VA H H H L H H L H D2. D1. DO WR SHIFTED — WR 
FORM VB H H H L H H H L D2. Di. DO XWR SHIFTED XWR 
SHIFT SEL 
1. COUT = CIN 


2. OVFL (MSP - H) 
Indicates that LSA operation in process 
will cause shift overflow. For all other 
operations, OVFL = L. 


3. MAGNITUDE: AI is compared to ZERO. 
Resultant outputs are: , 
AG =H (Al > ZERO) 
LG =H (Al # ZERO) 
EQ =H (Al = ZERO) 


WR 
XWR 
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OPERATION FORM VI — DOUBLE-PRECISION SHIFTS 


Operation Form VI performs a double-precision logical, arithmetic, or circular shift of a double-length word residing 
in the working register and extended working register. Magnitude status indicators are active and overflow is active 
during left-shift arithmetic (LSA) operations as enumerated in Figure 27. Asynchronous controls are the same as 
described for operation form JA. 





SHIFT SEL 
1. COUT = CIN 
LSL 
RSL 
LSA 
RSA 
LCIR 


RCIR 
NOT DEFINED 3. MAGNITUDE: Al is compared 


2. OVFL (MSP = H) 
ASYNCHRONOUS CONTROLS: ; ; 
Indicates that LSA operation 
SEL B INPUT/OUTPUT 
SEL DOB SOURCE 

SEL AOB SOURCE 
INCREMENT PC OR MC 
INHIBIT PC AND/OR MC 
LOAD WR 


H = HIGH LEVEL, L = LOW LEVEL 


in process will cause shift 
overflow. For all other opera- 
tions, OVFL = L. 


rrereriresr 
a ae I als 


L 
L 
L 
L 
H 
H 
H 
H 


NOT DEFINED to ZERO. Resultant outputs are: 





AG = H {Al > ZERO) 
LG =H (Al # ZERO) 
EQ = H (A! = ZERO) 


FIGURE 27 — FORM Vi—DOUBLE-PRECISION SHIFTS: (WR, XWR)SHIFTED >(WR, XWR) 
OPERATION FORM VII — COMPARE (A:B OR B:A) 


Operation Form VII is designed specifically to provide the system designer with the capability of symmetrically 
comparing either operands A-to-B or operands B-to-A. The operands selectable are enumerated in Figure 28 as the A 
source select or B source select. The carry output, overflow, and magnitude status lines decode and indicate the logical 
and arithmetic relationship of the operands being compared as shown in Figure 28. Asynchronous controls are the 
same as described for Operation Form IA. 


OPERATION FORM Vill — LOGICAL FUNCTIONS 


The ALU with its carry circuit functionally inactivated in Form VII1 operations can be microprogrammed in 
conjunction with the source operands to perform any of the possible combinatorial Boolean functions on two binary 
variables. See Figure 29. Simple transfer functions are performed with the arithmetic operations in Form 1, and 
combinatorial transfer and shift operations are available in Form III. 


As with the arithmetic operations, a highly flexible source selection extends performance of single clock 
combinatorial logical operations between two (external) operands applied at the A and B input ports, or combinations 
of resident data in ‘S481 registers or counters can be combined logically with another register or external source. The 
specific combinations selectable are enumerated in the following paragraphs. 
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FORM VIIA 
FORM VIIB 





A-SOURCE SEL B-SOURCE SEL 


1. COUT =LG 


2. MAGNITUDE: A or B (N1) is compared to B or A (N2), 
respectively. The resultant outputs are: 





AG =H (N11 arithmetically > N2) 
LG = H (N1 logically > N2) 
EQ =H (N1 = N2) 


ASYNCHRONOUS CONTROLS: 


SEL B INPUT/OUTPUT* 
SEL DOB SOURCE 

SEL AOB SOURCE 
INCREMENT PC OR MC 
INHIBIT PC AND/OR MC 
LOAD WR 


3. OVFL (MSP) IS NOT DEFINED. 





ee et ee 
ee a ca Sone Sem i Sa Sa 
TrertTrFerTreTse 


*BI/O CAN BE USED AS 
OUTPUT (zr BUS = N1—N2-—1} 


H = HIGH LEVEL, L = LOW LEVEL 


FORM VIIA 
FORM VIIB 
FORM VIIIC 





L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 


*BI/O CAN BE USED AS OUTPUT. 


ASYNCHRONOUS CONTROLS: SEL BINPUT/OUTPUT* © 1. OVFL = LOW 


SEL DOB SOURCE . 2. COUT =CIN 

SEL AOB SOURCE 3. MAGNITUDE: The 2% Bus .is compared to ZERO. 
INCREMENT PC OR MC Resultant outputs are: 

INHIBIT PC AND/OR MC ax . . ie a a > ZERO) 

LOAD WR See 


EQ = H (& Bus = ZERO) 
H = HIGH LEVEL, L = LOW LEVEL 
NOR 
FIGURE 29 — FORM VIII—LOGICAL OPERATIONS: Aj} OR } B->REGISTER 
X-OR 
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3.9.1 NOR/AND Logical Operations 


Operation Form VIIIA can be used to perform the NOR or AND logical combination of two selectable operands and 
route the results to one of four destinations. The operation microcode is: 


FORM VIIA 





SEL A SOURCE SEL B SOURCE DESTINATION 
L=Al L= TRUE LL = BI L = TRUE LL=WR 
H=WR  H=COMP LH =WR H = COMP LH = XWR 

HL = XWR HL = PC 
HH = PC HH = 2’-BUS 


H=HIGH LEVEL, L=LOW LEVEL 


As shown above, the A and B sources are selectable by the A1, B1, and B2 bits in their true or complementary form 
(bits AO, BO) to facilitate performing the NOR, mixed NOR/AND, and the AND functions. As implemented, see 
Figure 30, the NOR function is performed when the sources are both true, mixed NOR/AND functions are performed 
with one source complemented, and the AND function is performed when both sources are selected in their 


complement form. Both implementation and other/equal logic symbols are shown in Figure 30. Also provided are the 
function tables and Boolean equations. 


SELECTIONS AVAILABLE 


B = COMP A and B = COMP 


A A S 
IMPLEMENTATION : : 3 x! B x! 


B 
FUNCTION TABLES 


{H = HIGH LEVEL, 
L = LOW LEVEL) 


OTHER OR 
EQUAL SYMBOLS 


BOOLEAN FUNCTIONS 





FIGURE 30 — FORM VIIIA NOR/AND LOGICAL OPERATIONS 
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3.9.2 OR/NAND Logical Operations 


Operation Form VIIIB can be used to perform the OR or NAND logical combination of two selectable operands and 
route the results to one of four destinations. The operation microcode is: 


FORM VIIIB 





SEL” ASOURCE SEU BSOURCE DESTINATION 
L=Al L=TRUE LL=BI L = TRUE LL =WR 
H=WR: H= COMP LH=WR H = COMP LH = XWR 
HL = XWR HL = PC 
HH = PC HH = £/-BUS 


H=HIGH LEVEL, L=LOW LEVEL 


As shown above, the A and B sources are selectable by the A1, B1, and B2 bits in their true or complementary form 
(bits AO, BO) to facilitate performing the OR, mixed OR/NAND, and the NAND functions. As implemented, see 
Figure 31, the OR function is performed when the sources are both true, mixed OR/NAND functions are performed 
with one source complemented, and the NAND function is performed when both sources are selected in their 


complement form. Both implementation and other/equal logic symbols are shown in Figure 31. Also provided are the 
function tables and Boolean equations. 


SELECTIONS AVAILABLE 


B= COMP A and B = COMP 


. = 
A A A 
— = ; 
IMPLEMENTATION x! : 5 zr! 3 5 x 


FUNCTION TABLES 


(H = HIGH LEVEL, 
L = LOW LEVEL) 


OTHER OR 
EQUAL SYMBOLS 


BOOLEAN FUNCTIONS 





FIGURE 31 — FORM VIIIB OR/NAND LOGICAL OPERATIONS 
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3.9.3 Exclusive-OR/Exclusive-NOR Logical Operations 


Operation Form VIIIC can be used to perform the exclusive-OR/exclusive-NOR logical combination of two selectable 
operands and route the results to one of four destinations. The operation microcode is: 


FORM VIIIC 








SEL A SOURCE SEL B SOURCE DESTINATION 
L=Al L= TRUE LL =BIl L = TRUE LL =WR 
H=WR H = COMP LH = WR H = COMP LH = XWR 
HL = XWR HL =PC 
HH = PC HH = ¥’-BUS 


H = HIGH LEVEL, L = LOW LEVEL 


As shown above, the A and B sources are selectable by the A1, B1, and B2 bits in their true or complementary form 
(bits AO, BO) to facilitate both exclusive-OR and exclusive-NOR operations. As implemented, see Figure 32, the 
exclusive-NOR function is performed when the sources are both true or both complemented. When either the A or the 
B source (not both) are complemented, the exclusive-OR function is performed. Both implementation and 
other/equal logic symbols are shown in Figure 32. Also provided are the function tables and Boolean equations. 


IMPLEMENTATION 


FUNCTION TABLES 
(H = HIGH LEVEL, 
L = LOW LEVEL) 


OP8 = OP9=L 


BOOLEAN FUNCTIONS 





FIGURE 32—FORM VIIIC EXCLUSIVE-OR/EXCLUSIVE-NOR OPERATIONS 
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OPERATION FORM IX — NO OP 


Operation Form IX is designed specifically to 


° = i] o t te) Co) ~S co ron) Fed 
clear the >’ bus force AG and LG low, and Oo 10. 8G: 3G “262 <6 on <a> a O 
force EQ high; and, during this operation 
form data in the ‘S481 registers, counters and eS ee A MR Re AOR, R&R xX X 
latches remain unchanged unless directed to H = HIGH LEVEL, L = LOW LEVEL, X = IRRELEVANT 
do otherwise by the asynchronous contro! 
inputs as shown in Figure 33. 

ASYNCHRONOUS CONTROLS: 
The memory or program counter can be SEL B INPUT/OUTPUT 
incremented (by one or two) on each clock SEL DOB SOURCE AG = ZERO 
transition, or the working register can be SEL AOB SOURCE 

oe LG = ZERO 

loaded on each clock. Additionally, the B INCREMENT PC OR MC 
input/output can be specified, as well as INHIBIT PC AND/OR MC EQ = HIGH 
sources for the address or data out ports. LOAD WR 
States of the carry and overflow outputs are 
not interrupted. FIGURE 33 — FORM [X—NO OPERATION: ZERO ~> 2’ BUS 


OPERATION FORM X — CYCLIC REDUNDANCY CHARACTER ACCUMULATION 
Operation Form X is a macroinstruction which can be used to update a 16-bit cyclic redundancy character (CRC) 


partial sum in eight clock cycles, assuming 8-bit data characters. The updated CRC partial sum resides in the working 
register. The flow diagram of this algorithm is illustrated in Figure 34. 


FORM X OPERATION 








CRC PARTIAL SUM IN WR 
CRC POLYNOMIAL IN Al 
DATA CHARACTER IN XWR (RIGHT HALF} 


oro 
opt 
op2 
CIN 


CRC ITERATE 
(8 CLOCKS) 


= 

=x 

=z 

x | oP3 
7 | oPp4 
- £ors 
- 10°6 
7 | OP? 
- 10P8 
=x | ops: 


H = HIGH LEVEL, L = LOWLEVEL 
“INITIAL LEVEL 












use 
XWRO @ WRO 
=H 
? 


YES 


At © WR RIGHT 
CIRCULATE -» WR 
H -» &' SHIFT 
LEFT INPUT 







WR RIGHT CIRCULATE 
+>WR 
L ~»WR LEFT INPUT 











XWR RIGHT CIRCULATE 


UPDATED CRC PARTIAL SUM IN WR 


FIGURE 34 — CYCLIC REDUNDANCY CHARACTER ACCUMULATION 
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Setup conditions include the existence or placement of the previous CRC partial sum in the working register, the CRC 
polynomial at the A input port, and the data character in the eight least significant bits of the extended working 
register. All decisions after setup are decoded on chip for each of the eight iterations. Microcontrol open-collector 
output OPY of the LSP assumes control during the iterations to generate one of two microinstructions requires to 
accomplish the CRC update. 


OPERATION FORM XI — SIGNED INTEGER DIVIDE 


Operation Form XI consists of the micro/macroinstructions needed to perform the signed division of a double length 
dividend by an N-bit divisor in N + 3 clock times. After the division routine the quotient will reside in the extended 
working register (XWR) and the remainder will be in the working register (WR). Negative results are in two's 
complement. The flow diagram of this algorithm is illustrated in Figure 35. 


Setup conditions include the existence or placement of the double length dividend in the WR, XWR and application 
of the divisor at the A input port. To obtain a legitimate result, the divisor must not be arithmetically zero as 
indicated during the start command by the EQ output being low. The dividend must be of a nature that it could be 
generated by a signed multiply and add operation on the divisor. Status outputs LG, AG, C OUT and OV are 
undefined, as is EQ after the start command. 


After setup, all decisions are decoded on chip for start, iterate, iteration finish, fix remainder, and adjust quotient. 
The iterate macroinstruction (Form X1B) internally decodes the status of the stored signs, carry out, and working 
register and the OP8 and OP9 microcontrol open-collector outputs of the MSP assume control generating one of four 
microinstructions required to accomplish the signed divide. 


OPERATION FORM XII — UNSIGNED DIVIDE 


Operation Form XII consists of micro/macroinstructions needed to perform the unsigned division of a double length 
dividend by an N-bit divisor in N + 1 clock times. After the division routine the binary magnitude quotient will reside 
in the extended working register (XWR) and the binary magnitude remainder will be in the working register (WR). 
The flow diagram of this algorithm is illustrated in Figure 36. . 


Setup conditions include the existence or placement of the double length dividend in the WR, XWR; application of 
the divisor at the A input port and that the last operation was not a divide command. To obtain a legitimate result, 
the N-bit divisor must be logically greater than the most-significant N-bits resident in the working register. A-input 
data compared to working register (Al:WR) prior to the unsigned divide can be used to obtain validity to start by 
asserting LG true. 


After setup, all decisions are decoded on chip for start, iterate and finish. The iterate macroinstruction (Form X11B) 
internally decodes the status of COUT or FORCE LOAD FLAG and the OP9 microcontrol open-collector output of 
the MSP assumes control generating one of two microinstructions required to accomplish the unsigned divide. 


OPERATION FORM XIII — UNSIGNED MULTIPLY 


Operation Form XII! consists of a macroinstruction which performs the unsigned multiplication of two N-bit words in 
N clock times. After the multiply routine the double length product is residing in the working register 
(most-significant N-bits) and the extended working register (least-significant N-bits). The flow diagram of this 
algorithm is illustrated in Figure 37. 


Setup conditions include clearing the working register to all zeros, loading (not shifting) the multiplier into the 
extended working register, and applying the multiplicand at the A input port. Arithmetic shift commands must not 
occur between multiplier load and the first iteration. Status outputs (EQ, AG, LG, C OUT and OV) are undefined 
during this algorithm. 
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DIVIDEND IN WR, XWR; 

DIVISOR IN Al; 

Al #0; DIVIDEND IS SUCH THAT IT COULD 
BE GENERATED BY A SIGNED MULTIPLY 
AND ADD OPERATION ON THE DIVISOR. 


START-FORM XIA 
(1 CLOCK) 


WR, XWR LEFT LOGICAL 
AI PLUS O ~— ©’ 
SAVE WR SIGN 

SAVE SIGNS-DIFFERENT 


FLAG 


ITERATE-FORM X1B 
(N-1 CLOCKS) 


YES NO . WR PLUS AT 
WR PLUS Al -= = ee = 
jms as = a 

















x, XWR LEFT LOGICAL ® WR, XWR LEFT 
—~ WR, XWR LOGICAL -— WR, XWR 
XWRRT = 1 XWRRT = 0 







ITERATION FINISH-FORM XIC 
(1 CLOCK) 


=x | 
x ]orr | 
=x JOP2 
x JopP3 
F opa | 
x JoPs 
x /oP6 
r op? | 
= ops 
= Jorg 
= ICIN 





WR PLUS AT 


WR PLUS Al ~ & PLUS 1 = 2 





























z=—WR (COUT 
XWR LEFT LOGICAL @®WR SIGN) XWR eee 
XWR = —— 
Nene ee XWRRT = 0 


=1 
? 


XWRRT = 1 





FIGURE 35 — FORM XI—-SIGNED INTEGER DIVIDE (SHEET 1 OF 2) 
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FIX REMAINDER — FORM XID 


1 CLOCK 
oe 


WR plus Al 
plus1>£ 






WR plus Al 
~~ 












x=—>WR 
1 R FIXED FLAG 







O-— R FIXED FLAG 


ADJUST QUOTIENT — FORM XIE 
(1 CLOCK) 








(OPQ) 


XWR plus 1 
— XWR 


(OP9) 


XWR plus 0 
— XWR 


REMAINDER IN WR 
QUOTIENT IN XWR 


XWR plus 1 
— XWR 





XWR plus 0 
— XWR 













FIGURE 35 — FORM X!I-SIGNED INTEGER DIVIDE (SHEET 2 OF 2} 
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DIVIDEND IN WR, XWR 
DIVISOR IN Al: 
DIVISOR MUST BE LOGICALLY GREATER 
THAN WR FOR LEGITIMATE RESULT. 
9 START (FORM XII A) 
° (1 CLOCK) 


H = HIGH LEVEL 
L = LOW LEVEL 








WR, XWR LEFT 
LOGICAL - WR, 
XWR 

















SET 
FORCE LOAD 
FLAG 


CLEAR 
FORCE LOAD 
FLAG 





TO UNSIGNED 
DIVIDE INTERATE 


FIGURE 36 — FORM XII—UNSIGNED DIVIDE (SHEET 1 OF 2) 
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SN74S481 
ITERATE (FORM XII B) 
ea @ fF Al (N-1 CLOCKS) 
5 5 5 5 5 WR plus Al 
plus 1—> £ 
HH HH LL 
H = HIGH LEVEL, LOW = LOW 
« INITIAL LEVEL 
COUT 
r, XWR LEFT LOGICAL WR, XWR LEFT LOGICAL 
; YES OR FORCE NO we 
— WR, XWR LOAD FLAG -+ WR, XWR 
XWRRT = 1 (OP9) (OP9) ant so 
CLEAR 
FORCE LOAD FORCE LOAD 
FLAG FLAG 
FINISH (FORM Xt1 C) 
seeeege se gs (1 CLOCK) 
000 90 {e) {e) WR plus AT 
H H LtLtbtL HH LH plus1>2= 
COUT 
XWR LEFT LOGICAL YES OR FORCE NO XWR pire oo 
+ XWR — LOAD FLAG (oesi pecans 
XWRRT = 1 {OP9) =1 XWRRT =0 
? 
QUOTIENT IN XWR 
REMAINDER IN WR 
FIGURE 36 — FORM XII—UNSIGNED DIVIDE (SHEET 2 OF 2) 
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SN74S481 
ZEROS IN WR 
MULTIPLIER IN XWR 
MULTIPLICAND IN Al 
* 
& & a lz ITERATE 
o 90 Oo (N CLOCKS) 


H = HIGH LEVEL, L= LO 


x} OP2 
x | OP3 
m1] OP4 
=r { OPS 
=x} OP6 


~ © 
a 
oOo 0 0 
LL 


xr 
=x 


HH 
LEVEL, * INITIAL LEVEL 















WR plus AI - 2 
Zz, XWR right logical 
— WR, XWR 


WR plus Al> £ 
WR, XWR right logical 
+ WR, XWR 
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PRODUCT IS IN WR, XWR 


FIGURE 37 — FORM XIII—-UNSIGNED MULTIPLY 


The iterate macroinstruction internally decodes the status of the XWR LSB and the OP9 microcontrol open-collector 
output of the MSP assumes control generating one of two microinstructions required to accomplish the unsigned 
multiply. 


OPERATION FORM XIV — SIGNED INTEGER MULTIPLY 


Operation Form XIV consists of a macroinstruction which performs the signed multiplication of two N-bit signed 
integers in N clock times. After the multiply routine, the double precision signed product resides in the working 
register (most-significant N-bits) and the extended working register (least-significant N-bits). Negative products are in 
two’s complement. The flow diagram of this algorithm is illustrated in Figure 38. 


Setup conditions include clearing the working register to all zeros, loading (not shifting) the multiplier into the 
extended working register, and applying the multiplicand at the A input port. Arithmetic shifts must not occur 
between multiplier load and the first iteration. Status outputs (EO, AG, LG, C-OUT, and OV) are undefined during 
this algorithm. 


The iterate macroinstruction internally decodes the status of the multiplier (XWR) sign-bit flag, the multiplier LSB, 


and the multiplier LSB flag and the OP8 and OP9 microcontro! open-collector outputs of the MSP assume control 
generating one of four microinstructions required to accomplish the signed multiply. 
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ZEROS INWR 
MULTIPLIER IN XWR 
MULTIPLICAND IN Al 









CLEAR 
XWR LSB TEST 
FLAG 















SET 
XWR NEGATIVE 
FLAG 


CLEAR 
XWR NEGATIVE 
FLAG 





SIGNED MULTIPLY 
ITERATE (N CLOCKS) 






WR plus Al 


WR plus Al-> £ 
plus 1> & 










zx, XWR Right Arithmetic 
WR, XWR 


WR, XWR 
right arithmetic >WR, XWR 


YES YES SET 
XWR LSB TEST 
. FLAG 


NO NO 





TEST FERS 





( PRODUCT !S IN WR, XWR 


FIGURE 38 — FORM XIV-SIGNED INTEGER MULTIPLY 
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4. SPECIFICATIONS 


TABLE 19 
SN54S481 AND SN74S481 RECOMMENDED OPERATING CONDITIONS 


SN54S481 SN74S481 
PARAMETER 


MIN NO IN. NOM MAX 
56.25 











= 
> 
oO 


bh 
=|a=|p]/alolola NS 
alo o alo oO|o 
eal > ae od =>|> 






Low-level output 
current, IoL 














High-level output 
All other outputs or 1/O except EQ, OP8, OPS 
Width of clock 
15) 
——— 7N . g u 


=k 
Oo 


15} 
15t 






Setup time, tsy 






100t 60 


N 
1201 90 
104 
=201 

N) 


—20t 


= 


0 


> 


=l/o/u win io ow 
aio oO ag/Oj;o|]n oo |o oO 
215 => —|<-|s|> ae eS ees 
Ss 
x 


Hold time, tp, 


or 
> 
ga 
=> 


25 125 0 25 70 
t |The arrow indicates the transistion of the clock input used for reference; tfor the low-to-high transition, | for the high-to-low transistion. 
TABLE 20 


SN54S481 AND SN74S481 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING 
FREE-AIR TEMPERATURE RANGE (UNLESS OTHERWISE NOTED) 


PARAMETER TEST CONDITIONST MIN TYP# MAX 


oa 
oa 










Cc 
= 
4 










Vix High-level inputvoltage | seeNote? | 
Vit__Low-levelinput voltage | seeNotet | 
Vik Input clamp voltage Vcc=MIN, 1j=—-18 mA 












: Any 1/0 or output Vec=MIN, Vip=2V, [54S’ | : 
High-level out | 
VOH Mightevel output voltage | except EQ, OP8, OPO V1L=0.8 V, IoH=MAX 27 1aa 
Vcc=MIN, Vj H=2 V, 
ViL=0.8 V, IoL=MAX 


High-level output current EQ, OP8, OPS Vcc=MAX, Vo=5.5 V 


VoL Low-level output voltage 


1OH - 

| Input current at maximum |POS. Vcec=MAX, V\=V 

| ___Input voltage Vec=MAX, V|=5.5 V 
iH =2. 


| OPO, OP1, OP2,OP3, CIN | 
I High-t =MAX 
igh-level input current Any other (eee Note 1) Voc=MAX, V}=2.7 V 


OPO thru OP3, CIN, POS, CCI 





: WRRT, WRLFT, XWRRT 7 _ 
'jL Low-level input current XWRLFT, CLOCK Vcc=MAX, V\=0.5 V 


Short-circuit Any output or 1/0 _ 
los output current § except EQ, OP8, OPO MOGs 
Icc Supply current Vcc=MAX 380 


Tt For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tau typical values are at Voc = 5 V, Ta = 25°C. 

SNot more than one output should be shorted at a time. 

NOTE 1. For POS input value see Table 3 on page 1-10 






N 

a 
N 
I f=) 
N ro) 
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w 
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db 
N 
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TABLE 21 
SN54S481 AND SN74S481 SWITCHING CHARACTERISTICS (OVER OPERATING RANGE OF Vcc AND Ta) 

















OPERATION + Sueascar | 

poe rarer ators | a 

IXY LATCH> ALU _| 32-60] 32-50 

COUT TLATCH> ALU_| 3050] 3045 

AL, BI/O a 7 

WALFT.WAAT XWALFT RWRATILATCHS ALU [as 751 a8 66] 

WALFT, WART, XWRLFT, XWRRT ee ae ae 

Ce ef ee ee ee eo | 

MMe oe Oe eo ee 

OPO thru OPS a ee 1m 

r 60105] 6090 | 

AG iG@c nl eg a0 

oe os] 0 
[___tpp__} Al, 80 —~*d LATCH ALU | 35 65|_ 5055 | ns | 
fe ea ee eee 
tip eel ee i ee ap Pea: eo oe 
app AO AOR 0 a0 ire 
a ee ee 
| ——tpxz__ | B10 SEL or D0, D1 [BNO or DOP 8 38 See See 
——roxce [OPO thru OP) _|WALFT, WRAT, XWALFT, KWRRT |} “as 90 | 4880 [ons 
[___tpzx__| BVO SEL or DO, Di |BIOorDOP_—=SSSs~=~—“—~sSSSC~C~—s‘C;SCS™SCSOCOCC BBO os 
re ore ean WREE TERE MWRLET, WAP: 2 ae 20a a ee 

[AOP, DOP —=—SSS*dS SHIFTED 

[sso “8070 

‘PD ais OO ee dl 

(aa 
ao Lon = —  — aes 


tpp = Propogation delay 
tpxz = Disable time to Hi-Z 
tpzx = Enable time (Hi-2-To-Enable) 
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CLOCK 
INPUT 


OPO THRU OP9 
INPUTS 





OP8, OPS (MSP) 
OUTPUTS 





Al 
INPUTS 


A “1. he and 
t t t t 
BI/0 O5V ee ig i —+|tsu th Sar a 
INPUTS/ 2 (OUTPUT) 1.5 V (uTpU 74 (INPUT) N15 V pnpyz) 15 V7 TO REGISTER l= 1.5V 
OUTPUTS ' _! ut oneuT! (INPUT) | — — Vor 
rick exe] | | 


A eee POI lhe” ee oo Re oe a 
INPUT t 


LDOWR, INCMC 
INCPC INPUTS 





CIN 


COUT 


EQ, OV, 
Y/AG, X/LG 
OUTPUTS 


CCl 


cco 
OUTPUTS 


WRLFT, WRRT, 7 — —VOH 
XWRLFT; XWRRT | qt ad I— 15V 15V oH 
INPUTS/OUTPUTS lLosy Ee 


DO, D1 Soa ae oe 

UH te l—"="» 
| |+— texz 

DOP 15V 15V 

OUTPUTS tr i hy five fv tv Tse te 
O5V es -— 


AO 
INPUT 





~ 
+ 
7 
Ey 
l 
lt 
ii 









AOP 


0 y \ 
OUTPUTS 15V 15 V Vot 


NOTE: Input pulses are supplied by a generator having the following characteristics: 
tp<5ns, tp<5ns, PRR>1MHz, ZOUT +502 
A0001385 


FIGURE 39 — SWITCHING-TIME VOLTAGE WAVEFORMS 


2-56 1277 


679 


TYPES SN54S482, SN74S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 


BULLETIN NO. DOL-S 7612384, MARCH 1976 





e@ 4-Bit Slice is Cascadable to N-Bits SN54S482 .. . J PACKAGE 
e Designed Specifically for Microcontroller/ ShizaSab2 fave ses PACk Age 


Next-Address Generator Functions 

e Increment/Decrement by One (Immediate or 
‘Direct Symbolic Addressing Modes) 

© Offset, Vector, or Branch (Indexed or Relative 
Addressing Modes) 

© Store Up to Four Returns or Links (Program 
Return Address from Subroutine) 

e@ Program Start or Initialize (Return to Zero 


SEL INPUTS OUTPUTS 
ss $6 CLR FO F1 F2 





or Clear Mode) 

@ On-Chip Edge-Triggered Output Register 
(Provides Steady-State Micro-Address/ Si $3, Cout Cin (S182, ,A3_ AZ AL, GND 
Instruction) SEL INPUTS SEL INPUTS INPUTS 


© High-Density 20-Pin Dual-in-Line Package 
with 300-Mil Row Pin Spacing 


positive logic: See function table. 





description 


The ‘S482 is a high-performance Schottky TTL 4-bit-slice control element for use in any computer/control application 
requiring the coupling of high-performance bipolar speeds with the flexibility of microprogram control and bit-slice 
expandability. When used as a next-address generator, two ‘S482 elements can address up to 256 words of 
microprogram; three elements can address. up to 4096 words of microprogram; or a number of ‘S482 elements can 
generate N words in multiples of four lines. 


Comprised of an output register, push-pop stack, and a full adder, the ‘S482 provides the capability to implement 


multiway testing needed to generate or to determine and select the source of the next function of microprogram 
address. 


functional block diagram 


CARRY INPUT CLOCK CLEAR 














4-BIT 
REGISTER 


DATA 
OUT 






Fj 






__4WORD 
PUSH/POP 


STACK 
(FILO) 


[e) 
[ |CONTROL X 4 
i] 


$1 S2 S3 S4 S5 S6 
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output register and source functions 


The 4-bit edge-triggered register provides a steady-state output throughout each system clock cycle. An asynchronous 
clear extends the multiway testing to directly implement system initialization at ROM address zero. 


Two source-select lines (S5, S6) provide the output register with access to either the current instruction (no change), 
an operand or address stored in the push-pop stack, the output of a four-function full adder, or a direct data-in address 
port. The sources and functions are summarized in Tables | and II. 


TABLE I. REGISTER-SOURCE FUNCTIONS 


REGISTER INPUT SOURCE 


DATA-IN PORT (Di) 


FULL ADDER OUTPUTS (zi) 
PUSH-POP STACK OUTPUTS (Qi) 
REGISTER OUTPUTS (HOLD) 





H = high level, L = low level 


TABLE I!. PUSH-POP STACK CONTROL AND REGISTER-SOURCE FUNCTIONS 


OUTPUTS 













INTERNAL 















[ss[s4]ss[ss[cvock[cLear| aia Fi 
HOLD Px[x[xpxf ec [a aiao Fo 
eusnpor { Lette ley ft Tw | aaor [or 
eee, a 
mwoo” ) Cele te tet ft [a | aiaor [aio] 
Pefe(ala[ 7 [aw [7 ciaor [Fo 
euee Gre =a A a 
"LOAD" 
L a FE a (RE 
cdaunons (He Eee Dis ese re) Gio | Or 
; Le Ps 
Roar PH[tfe|{c[ + [ «4 | aisot “| aiao | 
Pefc{atat[ + [4 | owot [Fo 
oper teas et aT 
owied Payee e[ + [a [ st [os | 
muse) LHe et aie Taino 
Paye(Hjat + [a [ =F 7 Fo | 
MSB LSB Fi = Device outputs 


i=3, 2, 1, 0 

Ai = Data inputs 

QiA = Push-pop stack word A output (internal) 

QiAO =the level of Qi before the indicated 
inputs conditions were established. 


FiO =the level of Fi before the indicated input 
conditions were established. 

Li = Adder outputs (internal) 

*QiB, QiC, QiD do not change 

taipo — QiD, QiD0 > AiC, AiCO > QiB, QiBO > AiA 

taiAod > QiB, QiBO— Aic, Aico — aiD 
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push-pop stack control 


The 4-word push-pop stack can be used for nesting up to four levels of program or return (link) addresses. In the load 
mode, the first (top) word is filled with new data from the output of the full adder, and no push occurs meaning that 
previous data at that location is lost. However, all other word locations in the push-pop stack remain unchanged. In the 
push mode, the new word is again entered in the first (top) location; however, previous data residing in the top three 
words are pushed down one word location and retained at their new locations. The bottom word is written over and 
lost. 


In the pop mode, words in the push-pop stack move up one location on each clock transition. A unique function is 
provided by the bottom (fourth) register as its content is retained during the pop mode, and after 3 clock transitions, 
all words in the stack are filled with the operand/address that occupied the bottom register. 


The operand/address will remain available indefinitely if stack functions are limited to the pop or hold modes. 


The push-pop stack functions are shown in Tables !| and III. 


TABLE iI1. PUSH-POP STACK FUNCTIONS 


REG. P 
FUNCTION INEUTS 
| s3 | sa | c OUTPUT 
= 
<_ 
> 


rs 
H Qico | aiso Si IN 
i} 
< < < 
a aico | aigo | aiao | xi may 
v\i-> > > 
aivo | aipo | aico | aipo | COUT 


link operations show previous data location after clock transition. 





full adder 


The four-function full adder is controllable from select inputs S1 and S2 to perform: 

A or B incrementation, or decrementation of B 

Unconditional jumps or relative offsets 

No change 

Return to zero or one 
Incrementation can be implemented by forcing a carry (high) into the ALU. In this mode either of the following options 
are possible: 

1. Increment (A plus zero plus carry) 


2. Increment B (zero plus B plus carry), or decrement B (all highs at A then A plus B with carry input low and 
disregard, don’t use, carry out) 


3. Increment the jump or offset (A plus B plus carry) 
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full adder (continued) 


4. Start at zero or one and increment on each clock (select zero plus zero plus carry, then select zero plus B 
plus carry), or set register to N and decrement B (see 2 above). 


5, No change (carry input is always active and removal of carry combined with either the ALU or register hold 
mode will retain the current address). 


Unconditional jumps can be implemented by applying and selecting the jump directly from the data inputs to the 
output register. Offset can be accomplished by summing the output register with the offset magnitude (A plus B) with 
carry low. 


The ALU functions are shown in Table IV. 


TABLE IV. ADDRESS CONTROL FUNCTIONS 


INPUTS INTERNAL 
zi 


is [se 

TH PH | oPLusorcuscin | 
Ht [opus erptus cin | 
i 

i 










Ai PLUS 0 PLUS C-in 
Ai PLUS Bi PLUS C-in 


compound generator functions 


As the function-select lines of the register sources, push-pop stack, and adder are independent, compound functions can 
be selected to occur on the next clock transition. 


Subroutine branches and returns can be simplified by saving the return or link addresses in the push-pop stack. This 
branch-and-save function can be accomplished on the same clock time as follows: 


DATA-IN ADDER PUSH-POP STACK REGISTER SOURCE 
Branch address Zero plus B plus one Push Data-in 
(S1 =H, $2=L) ($3 = $4 = H) (S5 = S6 = L) 


Up to four branches can be made with the return stored in the 4-word push-pop stack. 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Veg seeNOte Dy x ok. de ese ae eR GA OS a ewe oe a 
Input-voltage::s;- 6 we ee ia oe ee ee Swe OB we A we ea we ee Se ar we Ow OBEY 
Off-state output voltage 2. ww kk ke . 55V 
Operating free-air temperature range: SN54S482.. . . . . 1 ww ee ee ee ee ee H55PC to 125°C 

SN7AS482 00 eo a as es oe ee a ee ee Go ee OE tO7OC 
Storage temperature range. . . . 1 ee ee ee ee ee ee ee ew 2 65°C to 150°C 


NOTE 1. All voltage values are with respect to network ground terminal, 
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recommended operating conditions 


SN54S482 SN74S482 
| MIN NOM Max | MIN NOM MAX 
Supply voltage, V 4.5 5 55 | 4. 5 
ea ee ET) 
High-level output current, loH mA 
rr eee eS NI: (7 ee OF 
w-level output current, 
i oP Any F output 


Data-in, $5, S6 


Setup time, toy 





Pulse width, ty 


Hold time, th 





Operating free-air temperature, Ta 


tthe arrow indicates that the rising edge of the clock pulse is used for reference, 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


Voc = MIN, ViIH=2YV, 
ViL = 08 V, loH = MAX 
Vec = MIN, VIH=2V, 
ViL =08V, lou = MAX 
I Input current at maximum input voltage Voc = MAX, V,=55V 
$1,S2, Cin 


VOH High-level output voltage 2.5 


VOL Low-level output voltage 


High-level 


Vec=MAX, V;}=2.7V 


! 
IH input current 


Low-level 


I 
IL input current 


Clock 


los Short-circuit output current§ 


!cc Supply current 





TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
TAI typical values are at Vo¢g = 5 V, Ta = 25 °C. 
SNot more than one output should be shorted at a time. 
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TYPES SN54S482, SN74S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 





switching characteristics over recommended operating ranges of Ta and Vcc (unless otherwise noted) 

























SN54S482 SN74S482 
PARAMETER TO TEST CONDITIONS UNIT 
MIN TYP# MAX | MIN TYP? MAX 
t 12 30 12. 25 
Biace Haaa OUR 
TPHL [80 | 15 25 
tPHL CLEAR DATA OUT 12 25 12, 20 | ns | 
t 12 22 12 18 
carry in | CARRY OUT 
tPHL 10 22 10 18 
t 17-30 17. 25 
DATAIN | CARRY OUT 
tPHL 12 30 12 25 





fan typical values are at Voc = 5 V, Tp = 25°C. 
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*References to SBP 9900A apply equally to the SBP 9900A-1 throughout this document except in 6.3 Switching Character- 
istics. SBP 9900A-1 complies with JAN specification MIL-M-38510/46001 and MIL-STD-883 processing. 
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INTRODUCTION 


DESCRIPTION 


The SBP 9900A microprocessor is a ruggedized monolithic Central Processing Unit (CPU) fabricated with Integrated 
Injection Logic (12L) technology. The SBP 9900A combines the properties of 12L technology with a 16-bit word 
length, an advanced memory-to-memory architecture, and a full minicomputer instruction set to extend the end 
application reach of Texas Instruments 9900 microprocessor family into those applications requiring efficient, stable, 
reliable performance in severe operating environments. 12L technology enables the SBP 9900A to operate over a very 
wide ambient temperature range from a dc power source. Static Logic is used throughout with directly TTL compat- 
ible 1/O permitting use with standard logic and memory devices and thereby eliminating the need for special clock and 
interface functions. The SBP 9900A is software compatible with other 9900 microprocessor family members and 
shares a common body of hardware/software with Texas Instruments 990 minicomputer family. The SBP 9900A-1 
continues all the advantages of the SBP 9900A with MIL-M-38512/46001 JAN qualification and MIL-STD-883 pro- 
cessing. In the following discussion all references to the SBP 9900A apply equally to the SBP 9900A-1 except in 6.3 
Switching Characteristics. 


KEY FEATURES 
e Parallel 16-Bit Word Length 
e Full Minicomputer Instruction Set Includes Multiply and Divide 


e Directly Addresses Up to 65,536 Bytes/32,768 Words of Memory 


e Advanced Memory-To-Memory Architecture 

e Multiple 16-Word Register Files (Work Spaces) Reside in Memory 
® Separate 1/O, Memory and Interrupt Bus Structures 

e 16 Prioritized Hardware Interrupts 

e 16 Software Interrupts (XOPS) 

e Programmed and DMA I/O Capability 

e Serial 1/0 Via Communications-Register-Unit (CRU) 


e 64-Pin Package 
e Software Compatible with T! 9900 Microprocessor/9900 Minicomputer Family 


e 12L Technology: 

- 2.6 MHz Nominal Clock at 500 mW 

- Single dc Power Supply 

- Fully Static Operation 

_ Single Phase Clock 

- Directly TTL Compatible !/O (Including Clock) 

_ Operates Over Wide Temperature Range: 
- —55°C to 125°C for SBP 9900AM, SBP 9900AN (883 B) 
—  -40°C to 85°C for SBP 9900AE 


e SBP 9900A-1 Provided With MIL-M-38510 Qualification and MIL-STD-883 Processing 
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The SBP 9900A is a 16-bit processor with 69 instructions including byte and bit addressing. The 16-bit word is used 
to address 32K words or 65K bytes of memory. Processing power comes not only from the 16-bit word length, but 
also from eight powerful addressing modes and the use of memory as working registers. It is, in fact, this concept 
called the “Workspace Register’ concept that is the most outstanding architectural feature of the SBP 9900A. In 
contrast to the pushdown stack found in many minicomputers and microprocessors, the workspace register file is a 
contiguous block of 16 words in memory used as working registers. Storage of intermediate results and subroutine 
return addresses, as well as index register functions, is accomplished in the workspace. 


Most important of all is that each small routine, program or subroutine may have its own 16-word workspace. A 
workspace pointer (a 16-bit register within the arithmetic unit) points to the first word of the appropriate workspace 
for any given program. This is especially significant in systems where interrupt processing is used, or where multifunction 
applications require frequent changes of program context. When an interrupt occurs, for example, there is no need to 
save register contents and a return address in a stack or other block of memory, because they are all in the workspace. 
The Program Counter, Status Register, and Workspace Pointer (PC, ST, WP) are saved in three words of the workspace, 
the WP is set to a new value, pointing to the appropriate service routine, and processing resumes around a new set of 
workspace registers. 


The primary impact of the workspace is to give the program designer 16 “working registers” for every routine and 
subroutine; and because the “‘registers’’ are actually memory words, there is no need to save andrestore register contents 
when jumping from one routine to another. : 


Other important features of the SBP 9900A are vectored interrupts (16 levels), an asynchronous !/O bus, and a 
Communications Register Unit (CRU) to accommodate I/O circuit cards for a wide variety of peripherals and general 
interface requirements. 


ARCHITECTURE 


The memory word of the 9900 is 16 bits long. Each word is also defined as 2 bytes of 8 bits. The instruction set of 
the 9900 allows both word and byte operands. Thus, all memory locations are on even address boundaries and byte 
instructions can address either the even or odd byte. The memory space is 65,536 bytes or 32,768 words. The word 
and byte formats are shown in Figure 3. 


MSB LSB 


polttetstels{etz [slo lo]m]retis [ra] os | 


SIGN 


\ BIT / 


MEMORY WORD (EVEN ADDRESS) 


MSB LSB  MSB LSB 


po fit2tetats ts] | se froln fz iis |ra | | 
SIGN 


SIGN 


\ BIT r_BIT / 


EVEN BYTE ODD BYTE 


FIGURE 3 — WORD AND BYTE FORMATS 
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REGISTERS AND MEMORY 
The 9900 employs an advanced memory-to-memory architecture. The 9900 memory map is shown in Figure 4. 


The first 32 words are used for interrupt trap vectors. The next contiguous block of 32 memory words is used by the 
extended operation (XOP) instruction for trap vectors. The last two memory words, FFFC1g¢ and FFFE 4, are used 
for the trap vector of the LOAD signal. The remaining memory is then available for programs, data, and workspace 
registers. If desired, any of the special areas may also be used as general memory. 


Three internal registers are accessible to the user. The program counter (PC) contains the address of the instruction 
following the current instruction being executed. This address is referenced by the processor to fetch the next 
instruction from memory and is then automatically incremented. The status register (ST) contains the present state of 
the processor and will be further defined in Section 3.4. The workspace pointer (WP) contains the address of the first 
word in the currently active set of workspace registers. 


A workspace-register file occupies 16 contiguous memory words in the general memory area (see Figure 4). Each 
workspace register may hold data or addresses and function as operand registers, accumulators, address registers, or 
index registers. During instruction execution, the processor addresses any register in the workspace by adding the 
register number to the contents of the workspace pointer and initiating a memory request for the word. The 
relationship between the workspace pointer and its corresponding workspace is shown in Figure 4. 


The workspace concept is particularly valuable during operations that require a context switch which is a change from 
one program environment to another (as in the case of an interrupt) or to a subroutine. Such an operation, using a 
conventional multi-register arrangement, requires that at least part of the contents of the register file be stored and 
reloaded. A memory cycle is required to store or fetch each word. By exchanging the program counter, status register, 
and workspace pointer in the 9900 concept accomplishes a complete context switch withonly three store cycles and 
three fetch cycles. See Figure 4. After the switch the workspace pointer contains the starting address of a new 
16-word workspace in memory for use in the new routine. A corresponding time saving occurs when the original 
context is restored. Instructions in the 9900 that result in a context switch include: 


1. Branch and Load Workspace Pointer (BLWP) 
2. Return from Subroutine (RTWP) 
3. Extended Operation (XOP). 


Device interrupts, RESET, and LOAD also cause a context switch by forcing the processor to trap to a service 
subroutine. 


INTERRUPTS 


The 9900 employs 16 interrupt levels with the highest priority level O and lowest level 15. Level O is reserved for the 
RESET function and all other levels may be used for external devices. The external levels may also be shared by 
several device interrupts, depending upon system requirements. 


The 9900 continuously compares the interrupt code (1CO through IC3) with the interrupt mask contained in 
status-register bits 12 through 15. When the level of the pending interrupt is less than or equal to the enabling mask 
level (higher or equal priority interrupt), the processor recognizes the interrupt and initiates a context switch 
following completion of the currently executing instruction. The processor fetches the new context WP and PC from 
the interrupt vector locations. Then, the previous context WP, PC, and ST are stored in workspace registers 13, 14, 
and 15, respectively, of the new workspace. The 9900 then forces the interrupt mask to a value that is one less than 
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the level of the interrupt being serviced. This allows only interrupts of higher priority to interrupt a service routine. 
The processor also inhibits interrupts until the first instruction of the service routine has been executed. All interrupt 
requests should remain active until recognized by the processor in the device-service routine. The individual service 
routines must reset the interrupt requests before the routine is complete. 


tf a higher priority interrupt occurs, a second context switch occurs to service the higher priority interrupt. When that 
routine is complete, a return instruction (RTWP) restores the first service routine parameters to the processor to 
complete processing of the lower-priority interrupt. All interrupt subroutines should terminate with the return 
instruction to restore original program parameters. The interrupt-vector locations, device assignment, enabling-mask 
value, and the interrupt code are shown in Table 1. 


TABLE 1 
INTERRUPT LEVEL DATA 


Vector Location . Interrupt Mask Values To Interrupt 
Interrupt Level (Memory Address Device Assignment Enable Respective Interrupts Codes 
In Hex) (ST12 thru ST15) ICO thru IC3 

(Highest priority) O Reset 0 through F* 0000 
External device 1 through F 0001 
2 through F 0010 

3 through F 0011 

4 through F 0100 

5 through F 0101 

6 through F 0110 

7 through F 0111 

8 through F 1000 

9 through F 1001 

10 A through F 1010 

11 B through F 1011 

12 C through F 1100 

13 D through F 1101 

14 E and F 1110 

(Lowest priority) 15 External device F only 1111 


1 
2 
3 
4 
5 
6 
7 
8 


o 








“Level Ocan not be disabled. 


The 9900 interrupt interface utilizes standard TTL components as shown in Figure 5. Note that for eight or less 
external interrupts a single SN54/74148 is required and for one external interrupt INTREO is used as the interrupt 
signal with a hard-wired code ICO through IC3. 


2.3 1/0 INTERFACE COMMUNICATIONS-REGISTER-UNIT (CRU) 


The SBP 9900A communications-register-unit (CRU) is a versatile, direct command-driven serial 1/O interface. The 
CRU may directly address, in bit-fields of one to sixteen, up to 4096 peripheral input bits and up to 4096 peripheral 
output bits. The SBP 9900A executes three single-bit and two multiple-bit CRU instructions. The single-bit instructions 
include TEST BIT (TB), SET BIT TO ONE (SBO), and SET BIT TO ZERO (SBZ); the multiple-bit instructions 
include LOAD CRU (LDCR) and STORE CRU (STCR). 


The SBP 9900A employs three dedicated 1/O signals CRUIN, CRUOUT, CRUCLK, and the least significant twelve 
bits of the address but to support the CRU interface. CRU interface timing is shown in Section 2.9. 
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SN7408 
INTERRUPT SIGNAL 1 


(highest priority) 


SN74148 
(TIM 9907) Al 


0 


SBP 9900A 





(lowest priority) 


FIGURE 5 — SBP 9900A INTERRUPT INTERFACE 


SINGLE-BIT CRU. OPERATIONS 


The 9900 performs three single-bit CRU functions: test bit (TB), set bit to one (SBO), and set bit to zero (SBZ). To 
identify the bit to be operated upon, the 9900 develops a CRU-bit address and places it on the address bus, A3 to 
Ai4. 


For the two output operations (SBO and SBZ), the processor also generates a CRUCLK pulse, indicating an output 
operation to the CRU device, and places bit 7 of the instruction word on the CRUOUT line to accomplish the 
specified operation (bit 7 is a one for SBO and a zero for SBZ). A test-bit instruction transfers the addressed CRU bit 
from the CRUIN input line to bit 2 of the status register (EQUAL). 


The 9900 develops a CRU-bit address for the single-bit operations from the CRU-base address contained in workspace 
register 12 and the signed displacement count contained in bits 8 through 15 of the instruction. The displacement 
allows two’s complement addressing from base minus 128 bits through base plus 127 bits. The base address from W12 
is added to the signed displacement specified in the instruction and the result is loaded onto the address bus. Figure 6 
illustrates the development of a single-bit CRU address. 


MULTIPLE-BIT CRU OPERATIONS 


The 9900 performs two multiple-bit CRU operations: store communications register (STCR) and load communica- 
tions register (LDCR). Both operations perform a data transfer from the CRU-to-memory or from memory-to-CRU as 
illustrated in Figure 8. Although the figure illustrates a full 16-bit transfer operation, any number of bits from 1 
through 16 may be involved. The LDCR instruction fetches a word from memory and right-shifts it to serially transfer 
it to CRU output bits. If the LDCR involves eight or fewer bits, those bits come from the right-justified field within 
the addressed byte of the memory word. If the LDCR involves nine or more bits, those bits come from the 
right-justified field within the whole memory word. When transferred to the CRU interface, each successive bit 
receives an address that is sequentially greater than the address for the previous bit. This addressing mechanism results 
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SOFTWARE BASE ADDRESS 


is] 1 2 3 4 5 6 7 8 9 10. 2=«11 
fae ee) te al a] a 


DON’T CARE | 


12 13. #14 ~ 15 
| |] | |e 


HARDWARE BASE ADDRESS | 





8 9 10. #11 #12 ~«13~«14~—~=«15 


SIGNED 
DISPLACEMENT 
BIT 8 SIGN 
EXTENDED Jb 
o 1 #2 3 4 #§ 6 7 8 9 10 11 #12 #13 «+14 
rofofo] | | | | tt tT} tf | | monessous 


SET TO ZERO EFFECTIVE CRU BIT ADDRESS 
FOR ALL CRU 
OPERATIONS 


FIGURE 6 — 9900 SINGLE-BIT CRU ADDRESS DEVELOPMENT 


CRU CRU 
INPUT OUTPUT 
BITS BITS 


a ae EFFECTIVE MEMORY ADDRESS fra | 15 | 


OUTPUT (LDCR) 





N = BIT SPECIFIED BY CRU BASE REGISTER 


FIGURE 7 — 9900 LDCR/STCR DATA TRANSFERS 


in an order reversal of the bits; that is, bit 15 of the memory word (or bit 7) becomes the lowest addressed bit in the 
CRU and bit 0 becomes the highest addressed bit in the CRU field. 


An STCR instruction transfers data from the CRU to memory. If the operation involves a byte or less transfer, the 


transferred data will be stored right-justified in the memory byte with leading bits set to zero. If the operation 
involves from nine to 16 bits, the transferred data is stored right-justified in the memory word with leading bits set to 
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zero. When the input from the CRU device is complete, the first bit from the CRU is the least-significant-bit position 
in the memory word or byte. 


Figure 8 illustrates how to implement a 16-bit input and a 16-bit output register in the CRU interface. CRU addresses 
are decoded as needed to implement up to 256 such 16-bit interface registers. In system application, however, only 
the exact number of interface bits needed to interface specific peripheral devices are implemented. It is not necessary 
to have a 16-bit interface register to interface an 8-bit device. 








A12-A14 MEMORY 
ADDRESS 
SN54LS/74LS04 
SN54LS/74LS251 
INO 
IN7 
IN8 
CRUCLK 
IN1 
OUTO 
CRUOUT 
SYSTEM 
OQUT7 DATA 
BUS 


SN54LS/74LS00 


OUT15 


FIGURE 8 — 9900 16-BIT INPUT/OUTPUT INTERFACE 
2.6 EXTERNAL INSTRUCTIONS 


The 9900 has five external instructions that allow user-defined external functions to be initiated under program 
control. These instructions are CKON, CKOF, RSET, IDLE, and LREX. These mnemonics, except for IDLE, relate to 
functions implemented in the 990 minicomputer and do not restrict use of the instructions to initiate various 
user-defined functions. IDLE also causes the 9900 to enter the idle state and remain until an interrupt, RESET, or 
LOAD occurs. When any of these five instructions are executed by the 9900, a unique 3-bit code appears on the 
most-significant 3 bits of the address bus (AO through A2) along with a CRUCLK pulse. When the 9900 is in an idle 
State, the 3-bit code and CRUCLK pulses occur repeatedly until the idle state is terminated. The codes are shown in 
Table 2. 


Figure 9 illustrates typical external decode logic to implement these instructions. Note that a signal is generated to 
inhibit CRU decodes during external instructions. 
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9900 


TABLE 2 
EXTERNAL INSTRUCTIONS 





TO MEMORY AND CRU 


CRU CLOCK SIGNAL 


Y7 


Y6 


TO USER DEFINED 
EXTERNAL INSTRUCTION 
LOGIC 


Y5 


Y3 





ony 2 


CRUCLK 


FIGURE 9 — EXTERNAL INSTRUCTION DECODE LOGIC 


2.7 LOAD FUNCTION 


The LOAD signal allows cold-start ROM loaders and front panels to be implemented for the 9900. When active, 
LOAD causes the 9900 to initiate an interrupt sequence immediately following the instruction being executed. 
Memory location FFFC is used to obtain the vector (WP and PC). The old PC, WP and ST are loaded into the new 
workspace and the interrupt mask is set to 0000. Then, program execution resumes using the new PC and WP. 
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2.8 SBP 9900A PIN DESCRIPTION 


SIGNATURE pin | vo | 


AO (MSB) 


A14 (LSB) 


DO (MSB) 


D15 (LSB) 


INS 
INJ 
INJ 
INJ 


GND 
GND 
GND 
GND 


CLOCK 


DBIN 


MEMEN 


279 


24 


41 


56 


26 
40 
57 


= 


28 


29 


63 


61 


OUT 


OUT 


(/O 


1/0 


OUT 


OUT 


OUT 


TABLE 3 
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9900 PIN ASSIGNMENTS AND FUNCTIONS 


DESCRIPTION 


ADDRESS BUS 

AO (MSB) through A14 (LSB) comprise the 
address bus. This open-collector bus pro- 
vides the memory-address vector to the 
external-memory system when MEMEN is 
active, and |/O-bit addresses to the 1/O 
system when MEMEN is inactive. When 
HOLDA is active, the address bus is pulled 
to the logic level HIGH state by the individ- 
ual pull-up resistors tied to each respective 
open-collector output. 


DATA BUS 

DO (MSB) through D15 (LSB) comprise the 
bidirectional open-collector data bus. This 
bus transfers memory data to (when writ- 
ing) and from (when reading) the external- 
memory system when MEMEN is active. 
When HOLDA is active, the data bus is 
pulled to the logic level HIGH state by the 
individual pull-up resistors tied to each 
respective open-collector output. 


POWER SUPPLY 
Injector-Supply-Current 
Injector-Supply-Current 
tnjector-Supply-Current 
Injector-Supply-Current 


Ground Reference 
Ground Reference 
Ground Reference 
Ground Reference 


CLOCK 
CLOCK 


BUS CONTROL 

DATA BUS IN. When active (pulled to logic 
level HIGH), DBIN indicates that the SBP 
9900 has disabled its output buffers to 
allow the memory to place memory-read 
data on the data bus during MEMEN. DBIN 
remains at logic level LOW in all other cases 
except when HOLDA is active (pulled to 
logic level HIGH). 


MEMORY ENABLE. When active (logic level LOW), MEMEN indicates that the address bus contains a memory 


address. 


WRITE ENABLE. When active (logic level LOW), WE indicates that the SBP 9900A data bus is outputting data 


to be written into memory. 


GND 1 
GND 2ZE 
WAIT 3 
LOAD 468 
HOLDA 5 € 
RESET 6€ 
AQ 7 
CLOCK 8 Ff 
INJ 9 
A14 10€£ 
A13 11 
A12 12 { 
A1l1 13 £ 
A10 14 £ 
AQ 15 € 
AS 16 £ 
A7 17 £ 
AG 18 £ 
AS 19 £ 
A4 20 £ 
A3 21 
A2 22 
Al 23 £ 
AO 24 € 
NC 25 £ 
INJ 26 { 
GND 27 £ 
GND 28 £ 
DBIN 29 
CRUOUT 30 & 
CRUIN 31 £ 
INTREG 32 € 


NC—No internal connection 





HOLD 
MEMEN 
READY 
WE 
CRUCLK 


CYCEND 


NC 
INJ 
D15 
D14 
D13 
D12 
D11 
D10 
D9 
D8 
D7 
D6 
DS 
D4 
D3 
D2 
D1 
DO 
INJ 
NC 
NC 
NC 
Ico 
iC1 
1c2 
Ic3 
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SIGNATURE 


CRUCLK 


CRUIN 


CRUOUT 


INTREQ 


ICO (MSB) 


1C3 (LSB) 


HOCtD 


HOLDA 


READY 


WAIT 


IAQ 


CYCEND 


TOAD 
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60 OUT 


31 


30 


32 


36 


33 


64 


62 


59 


OUT 


OUT 


OUT 


OUT 


OUT 


TABLE 3 (CONTINUED) 
DESCRIPTION 


COMMUNICATIONS-REGISTER-UNIT (CRU) CLOCK. When active (pulled to togic level HIGH), 
CRUCLK indicates to the external interface logic the presence of output data on CRUOUT, or the 
presence of an encoded external instruction on AO through A2. 


CRU DATA IN. CRUIN, normally driven by 3-state or open-collector devices, receives input data from 
the external interface logic. When the SBP 9900A executes a STCR or TB instruction, it samples CRUIN 
for the level of the CRU input bit specified by the address bus (A3 through A14). 


CRU DATA OUT. CRUOUT ouputs serial data when the SBP 9900A executes a LDCR, SBZ, SBO 
instruction. The data on CRUOUT should be sampled by the external interface logic when CRUCLK goes 
active (pulled to logic level HIGH). 


INTERRUPT CONTROL 

INTERRUPT REQUEST. When active (logic level LOW), INTREQ indicates that an external interrupt is 
requesting service. If INTREQ is active, the SBP 9900A loads the data on the interrupt-code input lines 
ICO through IC3 into the internal interrupt-code storage register. The code is then compared to the 
interrupt mask bits of the status register. If equal or higher priority than the enabled interrupt level 
{interrupt code equal or less than status register bits 12 through 15), the SBP 9900A initiates the interrupt 
sequence. If the comparison fails, the SBP 9900A ignores the interrupt request. In that case, INTREQ 
should be held active. The SBP 9900A will continue to sample ICO through 1C3 until! the program enables 
a sufficiently low interrupt-fevel to accept the requesting interrupt. 


INTERRUPT CODES. ICO (MSB) through IC3 (LSB), receiving an interrupt identity code, are sampled by 
the SBP 9900A when INTREQ is active (logic level LOW). When ICO through 1C3 are LLLH, the highest 
priority externa/ interrupt is requesting service; when HHHH, the lowest priority external interrupt is 


_ requesting service, 


MEMORY CONTROL 
When active (logic level LOW), HOLD indicates to the SBP 9900A that an external controller (e.g., OMA 
device) desires to use both the address bus and data bus to transfer data to or from memory, In response, 
the SBP 9900A enters the hold state after completion of its present memory cycle. The SBP 9900A then 
allows its address bus, data bus, WE, MEMEN, DBIN, and HOLDA facilities to be pulled to the logic level 
HIGH state. When HOLD is deactivated, the SBP 9900A returns to normal operation from the point at 
which it was stopped. 


HOLD ACKNOWLEDGE. When active (pulled to logic level HIGH), HOLDA indicates that the SBP 9900A 
is in the hold state and that its address bus, data bus, WE, MEMEN, and DBIN facilities are pulled to the 
logic level HIGH state. 


When active (logic level HIGH), READY indicates that the memory wil! be ready to read or write during 
the next clock cycle. When not-ready is indicated during a memory operation, the SBP 9900A enters a 
wait state and suspends internal operation until the memory systems activate READY. 


When active (pulled to logic level HIGH), WAIT indicates that the SBP 9900A has entered a wait state in 
response to a not-ready condition from memory. 


TIMING AND CONTROL 
INSTRUCTION ACQUISITION. !AQ is active (pulled to logic level HIGH) during any SBP 9900A initiated 
instruction acquisition memory cycle. Consequently, |AQ may be used to facilitate detection of illegal op 
codes. 


CYCLE END. When active (logic level LOW), CYCEND indicates that the SBP 9900A will initiate a new 
machine cycle on the !ow-to-high transition of the next CLOCK, 


When active (logic level LOW), LOAD causes the SBP 9900A to execute a nonmaskable interrupt with 
memory addresses FFFC1g and FFFE4g containing the associated trap vectors (WP and PC). The load 
sequence is initiated after the instruction being executed is completed. LOAD will also terminate an idle 
state, If LOAD is active during the time RESET is active, the LOAD trap will occur after the RESET 
function is completed. LOAD should remain active for one instruction execution period (IAQ may be 
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TABLE 3 (CONCLUDED) 
DESCRIPTION 


used to monitor instruction boundaries) LOAD may be used to implement cold-start ROM loaders. 
Additionally, front-panel routines may be implemented using CRU bits as front-panel-interface signals, 
and software-control routines to direct the panel operations. 


When active (logic level LOW), RESET causes the SBP S900A to reset itself and inhibit WE and CRUCLK. 
When RESET is released, the SBP 9900A initiates a level-zero interrupt sequence acquiring the WP and PC 
trap vectors from memory locations 00004g and 000246, sets all status register bits to logic level LOW, 
and then fetches the first instruction of the reset program environment. RESET must be held active for a 
minimum of three CLOCK cycles. 








2.9 SBP 9900A TIMING 
2.9.1 SBP 9900A MEMORY 
The SBP 9900A basic memory timing for a memory-read cycle with no wait states and for a memory-write cycle with 


one wait state is as shown in Figure 10. During each memory-read or memory-write, MEMEN becomes active (logic 
level LOW) along with valid memory-address data appearing.on the address bus (AO through A14). 


cock || |_| | | | | | | | | | | |_| | | L| 
CYCLE | | 
w \ Y \_Y \_yY NY \ 


| 
| 
DBIN V4 \ | 
I 1 
l 
| 
A0-A14 VALID ADDRESS a VALID ADDRESS 
6X0 DON'T CARE 9 rt 
READY SO& tes 


| 
| / \ | 
WAIT 
1 i 
DO-D15 _CPU DRIVEN INPUT MODE (ao XnPup (PU DRIVEN) CPU WRITE DATA CPU DRIVEN 


| | | 

1AQ |/ shown Assuming I | 
this cycle is an in- 

| struction acquisition | | | 





cycle 


MEMORY READ CYCLE WITH MEMORY WRITE CYCLE WITH ONE WRITE 
NO WAITS 


RD = READ DATA 


FIGURE 10 — SBP 9900A MEMORY BUS TIMING 
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2.9.2 


2.9.3 


3-20 


In the case of a memory-read cycle, DBIN becomes active (pulled to logic level HIGH) at the same time 
memory-address data becomes valid; the memory write strobe WE remains inactive (pulled to logic level HIGH). If the 
memory-read cycle is initiated for acquisition of an instruction, [AQ becomes active (pulled to logic level HIGH) at 
the same time MEMEN becomes active. At the end of a memory-read cycle, MEMEN and DBIN together become 
inactive. At that time, though the address may change, the data bus remains in the input mode until terminated by the 
next high-to-low transition of the clock. 


In the case of a memory-write cycle, WE becomes active (logic level LOW) with the first high-to-low transition of the 
clock after MEMEN becomes active; DBIN remains inactive. At the end of a memory-write cycle, WE and MEMEN 
together become inactive. 


During either a memory-read or a memory-write operation, READY may be used to extend the duration of the 
associated memory cycle such that the speed of the memory system may be coordinated with the speed of the SBP 
9900. If READY is inactive (logic level LOW) during the first low-to-high transition of the clock after MEMEN 
becomes active, the SBP 9900A will enter a wait state suspending further progress of the memory cycle. The first 
low-to-high transistion of the clock after READY becomes active terminates the wait state and allows normal 
completion of the memory cycle. 


SBP 9900A HOLD 


The hold facilities allow both the SBP 9900A and external devices to share a common memory. To gain memory-bus 
contro], an external device requiring direct memory access (DMA) sends a hold request (HOLD) to the SBP 9900A. 
When the next available non-memory cycle occurs, the SBP 9900A enters a hold state and signals its surrender of the 
memory-bus to the external device via a hold acknowledge (HOLDA). Receiving the hold acknowledgement, the 
external device proceeds to utilize the common memory. After its memory requirements have been satisfied, the 
external device returns memory-bus contro! to the SBP 9900A by releasing HOLD. 





When HOLD becomes active (logic level LOW), the SBP 9900A enters a hold state at the beginning of the next 
available non-memory cycle as shown below. Upon entering a hold state, HOLDA becomes active (pulled to logic 
level HIGH) with the following signals pulled to a HIGH logic level by the individual! pull-up resistors tied to each 
respective open-collector output: DBIN, MEMEN, WE, AO through A14, and DO through D15. When HOLD becomes 
inactive, the SBP 9900A exits the hold state and regains memory-bus control. If HOLD becomes active during a CRU 
operation, the SBP 9900A uses an extra clock cycle after the deactivation of HOLD to reassert the CRU address 
thereby providing the normal setup time for the CRU-bit transfer, 








SBP 9900A CRU 


The transfer of two data-bits from memory to a peripheral CRU device and the transfer of one data-bit from a 
peripheral CRU device memory are shown in Figure 12. To transfer a data-bit to a peripheral CRU device, the 
SBP 9900A outputs the corresponding CRU-bit-address on address bus bits A3 through A14 and the respective 
data-bit on CRUOUT. During the second clock cycle of the operation, the SBP 9900A outputs a pulse, on CRUCLK, 
indicating to the peripheral CRU device the presence of a data-bit. This process is repeated until transfer of the entire 
field of data-bits specified by the CRU instruction has been accomplished. To transfer a data-bit from a peripheral 
CRU device, the SBP 9900A outputs the corresponding CRU-bit-address on address bus bits A3 through A14 and 
receives the respective data-bit on CRUIN. No CRUCLK pulses occur during a CRU input operation. 
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END 
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FIGURE 11 — SBP 9900A HOLD TIMING. 
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FIGURE 12 — SBP 9900A CRU INTERFACE TIMING 
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3. 9900 INSTRUCTION SET 
3.1 DEFINITION 


- Each 9900 instruction performs one of the following operations: 


e Arithmetic, logical, comparison, or manipulation operations on data 

e Loading or storage of internal registers (program counter, workspace pointer, or status) 
e Data transfer between memory and external devices via the CRU 

e Control functions. 


3.2 ADDRESSING MODES 
The 9900 instructions contain a variety of available modes for addressing random-memory data (e.g., program 
parameters and flags), or formatted memory data (character strings, data lists, etc.). The following figures graphically 
describe the derivation of the effective address for each addressing mode. The applicability of addressing modes to 
particular instructions is described in Section 3.5 along with the description of the operations performed by the 
instruction. The symbols following the names of the addressing modes [R, *R, *R+, @ LABEL, or @ TABLE (R)] are 
the general forms used by 9900 assemblers to select the addressing mode for register R. 


3.2.1 WORKSPACE REGISTER ADDRESSING R 


Workspace Register R contains the operand. 


Register R 


3.2.2 WORKSPACE REGISTER INDIRECT ADDRESSING *R 


Workspace Register R contains the address of the operand. 


Register R 


3.2.3 WORKSPACE REGISTER INDIRECT AUTO INCREMENT ADDRESSING *R+ 


Workspace Register R contains the address of the operand. After acquiring the operand, the contents of workspace 


register R are incremented. 
(Pole Instruction -eeve)+2R Operand | 
1 (byte) 


or 2 (word) 


Register R 
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3.2.4 SYMBOLIC (DIRECT) ADDRESSING @LABEL 


The word following the instruction contains the address of the operand. 


eae 


3.2.5 INDEXED ADDRESSING @ TABLE (R) 


The word following the instruction contains the base address. Workspace register R contains the index value. The 
sum of the base address and the index value results in the effective address of the operand. 


Register R 


Index Value 











Effective 


Address 





3.2.6 IMMEDIATE ADDRESSING 


The word following the instruction contains the operand. 


3.2.7 PROGRAM COUNTER RELATIVE ADDRESSING 


The 8-bit signed displacement in the right byte (bits 8 through 15) of the instruction is multiplied by 2 and added to the 
updated contents of the program counter. The result is placed in the PC. 


Jump Instruction 











Program Counter 2° DISP 






Address 


3.2.8 CRU RELATIVE ADDRESSING 


The 8-bit signed displacement in the right byte of the instruction is added to the CRU base address (bits 3 through 14 
of the workspace register 12). The result is the CRU address of the selected CRU bit. 


Instruction 







CRU Bit 






Register 12 Address 


[cau asso naa [. 


0 23 1415 
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3.3. TERMS AND DEFINITIONS 
The terms used in describing the instructions of the 9900 are defined in Table 4. 


TABLE 4 
TERM DEFINITIONS 


TERM DEFINITION 


Byte indicator (1=byte, O = word) 
Bit count 











Destination address register 
Destination address 
lOP Immediate operand 
LSB(n) Least significant (right most) bit of (n) 































cea Most significant (left most) bit of (n) 
Don't care 
Program counter 
Result Result of operation performed by instruction 
Source address register 
Source address 
Status register 
STn Bit n of status register 
Tp Destination address modifier 


Source address modifier 






Workspace register (working register) 
Workspace register n 

Contents of n 
ais transferred to b 
Absolute value of n 
Arithmetic addition 
Arithmetic subtraction 
Logical AND 
Logical OR 
Logical exclusive OR 
Logical complement of n 








3.4 STATUS REGISTER 


The status register contains the interrupt mask level and information pertaining to the instruction operation. Table 5 
explains the bit indications. 


(9) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
STO} ST1 | ST2| ST3 | ST4| ST5 | STE not used (=0) $T12 ST13 ST14 ST15 
L> | A> = Cc ce] P x Interrupt Mask 
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TABLE 5 
STATUS REGISTER BIT DEFINITIONS 


| NAME | INSTRUCTION CONDITION TO SET BIT TO 1 


LOGICAL If MSB(SA) = 1 and MSB(DA) = 0, or if MSB(SA) = MSB(DA) 

GREATER and MSB of [(DA)-(SA)] =1 

THAN 1f MSB(WR) = 1 and MSB of JOP = 0, or if MSB(WR) = MSB of 
IOP and MSB of [1OP-(WR)] = 1 

{f (SA) #0 

If resuit # 0 

If MSB(SA) = 0 and MSB(DA) = 1, or if MSB(SA) = MSB(DA) 
and MSB of [(DA)-(SA)] = 1 

If MSB(WR) = 0 and MSB of IOP = 1, or if MSB(WR) = MSB of 
(OP and MSB of [IOP-(WR)] = 1 

If MSB{SA) = 0 and (SA) # 0 

lf MSB of result = 0 and result # 0 

If (SA) = (DA) 

\f (WR) = 1OP 

\f (SA) and (DA) = 

1f (SA) and (DA) = 

If CRUIN = 1 

If (SA) = 

If result = 0 





















Cl 


















ABS 
All Others 





ARITHMETIC 
GREATER 
THAN 










Cl 















ABS 

All Others 
C, CB. 
C1 
“coc 
CZ2C 
TB 
ABS 
All Others 
A, AB, ABS, Al, DEC, 
DECT, INC, INCT, 
NEG, S, SB 

SLA, SRA, SRC, SRL 
A, AB 
Al 

S, SB 
DEC, DECT 
INC, INCT 
SLA 
DIV 





























If CARRY OUT = 1 










If last bit shifted out = 1 

If MSB(SA) = MSB(DA) and MSB of result # MSB(DA} 

If MSB(WR) = MSB of IOP and MSB of result + MSB(WR) 

If MSB(SA) # MSB(DA) and MSB of result # MSB(DA) 

lf MSB(SA) = 1 and MSB of result = 0 

(f MSB(SA) = 0 and MSB of result = 1 

If MSB changes during shift 

If MSB(SA) = 0 and MSB(DA) = 1, or if MSB(SA) = MSB(DA) 
and MSB of [(DA)-(SA)] = 0 

If (SA) = 800016 

lf (SA) has odd number of 1's 

LDCR, STCR If 1 <C < 8 and (SA) has odd number of 1's 

AB, SB, SOCB, SZCB If result has odd number of 1's 


[xop | xoP IF XOP instruction is executed 


$T12—ST15 INTERRUPT LIMI {f corresponding bit of IOP is 1 
MASK RTWP If corresponding bit of WR15 is 1 


3.5 INSTRUCTIONS 


ST3 CARRY 


- 









































ABS, NEG 
CB, MOVB 





PARITY 
















3.5.1 Dual Operand Instructions with Multiple Addressing Modes for Source and Destination Operand 
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If B = 1 the operands are bytes and the operand addresses are byte addresses. If B = 0 the operands are words and the 
operand addresses are word addresses. 


The addressing mode for each operand is determined by the T field of that operand. 


ise OR Bt Sone __ ADDRESSING MODE NOTES 


Workspace register 










Workspace register indirect 
Symbolic 
Indexed 


Workspace register indirect auto-increment 


NOTES: 1, When a workspace register is the operand of a byte instruction (bit 3 = 1), the left byte (bits 0 through 7) is the operand and the 
right byte (bits 8 through 15) is unchanged, 
2. Workspace register O may not be used for indexing. 
3, The workspace register is incremented by 1 for byte instructions (bit 3 = 1) and is incremented by 2 for word instructions (bit 3 = 0). 
4,When Ts = Tp = 10, two words are required in addition to the instruction word. The first word is the source operand base 
address and the second word is the destination operand base address, 


RESULT STATUS 
COMPARED BITS 
Too AFFECTED 


(SA)+(DA) > (DA) 
Add ae (SA)+(DA) > (DA) 
Compare Compare (SA) to (DA) and set 
appropriate status bits 
Compare bytes Compare (SA) to (DA) and set 


appropriate status bits 
Subtract (DA) — (SA) > (DA) 
Subtract bytes (DA) — (SA) > (DA) 
Set ones corresponding x (DA) OR (SA) > (DA) 
Set ones corresponding bytes -2, (DA) OR (SA) > (DA) 
Set zeroes corresponding 3 (DA) AND (SA) > (DA) 
Set zeroes corresponding bytes -2, (DA) AND (SA) > (DA) 
Move 5 (SA) > (DA) 
Move bytes -2, (SA) > (DA) 





eoooOfa a a a 
-OoO-0-0+0 


3.5.2 Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and 
Workspace Register Addressing for the Destination 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


The addressing mode for the source operand is determined by the Ts field. 


La al eee eae ADDRESSING MODE NOTES 


Workspace register 












Workspace register indirect 

Symbolic 

Indexed 

Workspace register indirect auto increment 


NOTES: 1, Workspace register O may not be used for indexing. 
2. The workspace register is incremented by 2. 
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. RESULT STATUS 
OP CODE 
MNEMONIC COMPARED BITS DESCRIPTION 
ae roo | arrecteo | 


001000 Compare ones Test (D) to determine if 1’s are in each bit 

corresponding position where 1’s are in (SA). If so, set ST2. 

001001 Compare zeros Test (D) to determine if 0’s are in each bit 

corresponding position where 1's are in (SA). If so, set ST2. 

001010 | Exclusive OR (D) ® (sa) > (D) 

001110 Multiply Multiply unsigned (D) by unsigned (SA) and 
place unsigned 32-bit product in D (most 
significant) and D+1 (least significant). If WR15 
is D, the next word in memory after WR15 will 
be used for the least significant half of the 
product. 


Divide if unsigned (SA) is less than or equal to unsigned 


(D), perform no operation and set ST4, Otherwise, 
divide unsigned (D) and (D+1) by unsigned 

(SA). Quotient + (D), remainder > (D+1). If 

D = 15, the next word in memory after WR 15 





will be used for the remainder. 


3.5.3 Extended Operation (XOP) Instruction 


The Ts and §S fields provide multiple mode addressing capability for the source operand. When the XOP is executed, 
ST6 is set and the following transfers occur: (4016 + 4D) > (WP) 

(4246 + 4D) > (PC) 

SA —> (new WR11) 

(old WP) > (new WR 13) 

(old PC) > (new WR14) 

(old ST) > (new WR15) 


The 9900 does not test interrupt requests (INTREQ) upon completion of the XOP instruction. 


3.5.4 Single Operand Instructions 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
General format: OP CODE Ss 


The Ts and S fields provide multiple mode addressing capability for the source operand. 
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MNEMONIC 
0000010001 


0000011010 
90000010000 


* Operand is compared to zero for status bit. 


OP CODE 
0123456789 


RESULT 
COMPARED 
Too 


STATUS 
BITS 


Branch 

Branch and link 
Branch and load 
workspace pointer 


Clear operand 
Set to ones 
Invert 

Negate 
Absolute value* 
Swap bytes 


Increment 
Increment by two 
Decrement 
Decrement by two 
Execute 





AFFECTED 


DESCRIPTION 


A— (PC) 
(PC) > (WR11); SA — (PC) 
(SA) > (WP); (SA+2) > (PC); 
(old WP) > (new WR 13); 
(old PC) > (new WR14); 
(old ST) > (new WR15); 
the interrupt input (INTREQ) is not 
tested upon completion of the 
BLWP instruction. 
0 (SA) 
FFFFy1g > (SA) 
(SA) > (SA) 
—(SA) > (SA) 
KSA)| > (SA) 
(SA), bits 0 thru 7 > (SA), bits 
8 thru 15; (SA), bits 8 thru 15 > 
(SA), bits O thru 7. 
(SA) + 17 (SA) 
(SA) + 2 (SA) 
(SA) — 1> (SA) 
(SA) - 2 (SA) 


Execute the instruction at SA. 


Tif additional memory words for the execute instruction are required to define the operands of the instruction located at SA, these words 


will be accessed from PC and the PC will be updated accordingly. The instruction acquisition signal ({AQ) will not be true when the 


9900 


accesses the instruction at SA. Status bits are affected in the norma! manner for the instruction executed. 


3.5.5 CRU Multiple-Bit Instructions 


0 1 


General format: 


2 3 4 5 6 7 8 9 


11 12 13 14 15 


The C field specifies the number of bits to be transferred. If C = 0, 16 bits will be transferred. The CRU base register 
(WR12, bits 3 through 14) defines the starting CRU bit address. The bits are transferred serially and the CRU address is 
incremented with each bit transfer, although the contents of WR12 is not affected. Ts and S provide multiple mode 
addressing capability for the source operand. If 8 or fewer bits are transferred (C = 1 through 8), the source address is a 
byte address. If 9 or more bits are transferred (C = 0, 9 through 15), the source address is a word address. If the source 
is addressed in the workspace register indirect auto increment mode, the workspace register is incremented by 1 if 
C= 1 through 8, and is incremented by 2 otherwise. 
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RESULT 
COMPARED 
TOO 


STATUS 
BITS 
AFFECTED 


OP CODE 
pee 


LDCR 001100 
STCR 


TSTS is affected only if1<C <8. 


Load communcation 


register 


00110 1 | Store communcation 


register 


3.5.6 CRU Single-Bit Instructions 


Q 1 2 3 4 5 6 7 
OP CODE 


CRU relative addressing is used to address the selected CRU bit. 


01234567 


00011101 
00011110 
00011111 


8 


General format: 


STATUS 
BITS 
AFFECTED 


MEANING 


Set bit to one 
Set bit to zero 
Test bit 


SBP 9900A, SBP 9900A-1 


DESCRIPTION 


Beginning with LSB of (SA), transfer the 


specified number of bits from (SA) to 

the CRU. 

Beginning with LSB of (SA), transfer the 
specified number of bits from the CRU to 
(SA). Load unfilled bit positions with 0. 





9 10 11 12 13 14 15 


SIGNED DISPLACEMENT 


DESCRIPTION 


Set the selected CRU output bit to 1. 
Set the selected CRU output bit to 0. 
If the selected CRU input bit = 1, set ST2. 





3.5.7 Jump Instructions 


0 1 2 3 4 5 6 7 


OP CODE 


General format: 


8 9 10 11 12 13 14 15 
DISPLACEMENT 





Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST are at 
specified values. Otherwise, no operation occurs and the next instruction is executed since PC points to the next 
instruction. The displacement field is a word count to be added to PC. Thus, the jump instruction has a range of —128 
to 127 words from memory-word address following the jump instruction. No ST bits are affected by jump instruction. 


OP CODE 


°o 


JEQ Jump equal 
Jump greater than 
Jump high 
Jump high or equal 
Jump low 
Jump low or equal 
Jump less than 
Jump unconditional 
Jump no carry 
Jump not equal 
Jump no overflow 


3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 Jump on carry 
1 


~”a ep - oodnocnenootcv=" 02 0 0/ 
mp oor fe oaooooeor aor Oo; 
ooroeore-rdncidodooesr - -|{[sN 


6 
1 
0 
1 
0 
1 
1 
0 
0 
1 
1 
0 
0 
ie) 


ooo oo0co0cooo0$9 oe 
oOooo0o0o0ecjocoo0o0o$90d O|;/ 
oo o oo oocjcoo0ooeo0o;97o o|N 


Jump odd parity 


1276 





ST CONDITION TO LOAD PC 


ST2=1 

ST1=1 

STO = 1 and ST2 =0 
STO =1o0rST2=1 
STO = O and ST2 =0 
STO =QorST2= 1 
ST1 =O and ST2 =0 
unconditional 

ST3 =0 

$T2=0 

ST4=0 

ST3=1 

ST5=1 
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3.5.8 Shift Instructions 


“0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 = &«15 


If C = 0, bits 12 through 15 of WRO contain the shift count. If C =0 and bits 12 through 15 of WRO = 0, the shift 
count is 16. 


RESULT STATUS 
OP CODE 


COMPARED BITS DESCRIPTION 
01234567 
TO 0 AFFECTED 


Shift left arithmetic Shift (WR) left, Fill vacated bit 
positions with 0. 
Shift right arithmetic Shift (WR) right. Fill vacated bit 


positions with original MSB of (WR). 
Shift right circular Shift (WR) right. Shift previous ‘LsB 
into MSB. 
Shift right logical Shift (WR) right. Fill vacated bit 
Positions with 0's. 





3.5.9 Immediate Register Instructions 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


General format: OP CODE 


RESULT STATUS 
OP CODE 
COMPARED BITS DESCRIPTION 
0123456789 10 
TOO AFFECTED 


0000001000 1 Add immediate (WR) + l|OP > (WR) 
0000001001 0 AND immediate - (WR) AND IOP — (WR) 
00000010100 Compare Compare (W) to IOP and set 
immediate ‘| appropriate status bits 
00000010000 Load immediate - tOP > (WR) 
0000001001 1 OR immediate 5 (WR) OR 1OP > (WR) 


| 





3.5.10 Internal Register Load Immediate Instructions 


o 1 2 3 4 5 6 7 8B 9 0 1 #12 13 14 «15 
General format: OP CODE 


Load workspace pointer immediate 1OP > (WP), no ST bits affected 
Load interrupt mask IOP, bits 12 thru 15 >ST12 
thru ST15 
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3.5.11 Internal Register Store Instructions 


10] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


No ST bits are affected. 


OP CODE 
DESCRIPTION 


Store status register (ST) > (WR) 


Store workspace pointer (WP) > (WR) 





3.5.12 Return Workspace Pointer (RTWP) Instruction 
(0) 1 2 3 4 5 6 7 8 9 10 
General format: | 0 | o | of of of of]: |] [i fofo | 
The RTWP instruction causes the following transfers to occur: 


(WR15) > (ST) 
(WR14) > (PC) 
(WR13) > (WP) 


11 12 13 14 15 





3.5.13 External Instructions 


0 1 2 3 4 5 6 7 8 9 10 


1112 «13°0«214~—Cts*85 
General format: OP CODE 


External instructions cause the three most-significant address lines (AO through A2) to be set to the below-described 
levels and the CRUCLK line to be pulsed, allowing external control functions to be initiated. 


STATUS ADDRESS 
OP CODE 
MNEMONIC BITS DESCRIPTION BUS 
0123456789 10 
AFFECTED AO Al A2 


00000011010 Suspend SBP 9900A 


instruction execution until 


an interrupt, LOAD, or 
RESET occurs 
0000001 Reset 0 ST12 thru ST15 
0000001 User defined 
0000001 User defined 
0000001 User defined 
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3.6 MICROINSTRUCTION CYCLE 


The SBP 9900A includes circuitry which will indicate the completion of a microinstruction cycle. Designated as the 
CYCEND function, it provides CPU status that can simplify system design. The CYCEND output will go to a low logic 
level as a result of the low-to-high transistion of each clock pulse which initiates the last clock of a microinstruction. 


3.7. SBP 9900A INSTRUCTION EXECUTION TIMES 


Instruction execution times for the SBP 9900A are a function of: 


1) Clock cycle time, te 
2) Addressing mode used where operands have multiple addressing mode capability 
3) Number of wait states required per memory access. 


The following Table 6 lists the number of clock cycles and memory accesses required to execute each SBP 9900A 
instruction. For instructions with multiple addressing modes for either or both operands, the table lists the number of 
clock cycles and memory accesses with all operands addressed in the workspace-register mode. To determine the 
additional number of clock cycles and memory accesses required for modified addressing, add the appropriate values 
from the referenced tables. The total instruction-execution time for an instruction is: 


T = te (C + WeM) 


where: 
T = total instruction execution time; 
te = clock cycle time; . 
C = number of clock cycles for instruction execution plus address modification; 
W = number of required wait states per memory access for instruction execution 
plus address modification; 
M = number of memory accesses. 


As an example, the instruction MOVB is used in a system with tg = 0.5 us and no wait states are required to access 
memory. Both operands are addressed in the workspace register mode: 


T = te (C + W°M) = 0.5 (14 + 0°4) ys = 7 ys. 
If two wait states per memory access were required, the execution time is: 
T=0.5 (14 + 2°4) ps = 11 ps. 
If the source operand was addressed in the symbolic mode and two wait states were required: 
T = te (C + WeM) 
C=14+8=22 


M=4+1=5 
T = 0.5 (22 + 2°5) us = 16 ys. 
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TABLE 6 


INSTRUCTION EXECUTION TIMES 


CLOCK MEMORY ADDRESS CLOCK | MEMORY ADDRESS 
INSTRUCTION CYCLES ACCESS | MODIFICATIONt INSTRUCTION YCLES | ACCESS MODIFICATIONT 


M___{ source | DEST _| 
A 


source | est] 
A = = 
AB 
ABS (MSB = 0) 
(MSB = 1) 
Al 
ANDI 
B 
BL 
Ss 
SB 
SBO 
SBZ 
SETO 
Shift (C # 0) 
(C =0, Bits 12-15 
of WRO = 0) 
(C = 0, Bits 12—15) 
of WRP = N # O) 
soc 
socB 
STCR (C = 0) 
(1<C<7) 
(C =8) 
(9<C<15) 


Cc 

CB 

cl 

CKOF 

CKON 

CLR 

coc 

CcZc 

DEC 

DECT 

DIV (ST4 is set) 

DIV (ST4 is reset)* 

IDLE 

INC 

INCT 

INV 

Jump (PC is changed) 

(PC is not changed) 

LDCR (C = 0) 
(1<C<8) 
(9<C<15) 


ose hae hRwOTA AN 





>r>r>rrP D> YD Dd 


FPN WWWWHR BWWWARAHAWWHWWWWH BA WWWAWNHA WH ERA 
> > > 


RESET function Undefined op codes: 
LOAD function 0000-01F F,0320-033F ,0CO0-OF FF, 
Interrupt context switch 0780-07FF 





*Execution time is dependent upon the partial quotient after each clock cycle during execution. 
**Execution time is added to the execution time of the instruction located at the source address minus 4 clock cycles and 1 memory 
access time. 
tThe letters A and B refer to the respective columns in the Address Modification Table. 


ADDRESS MODIFICATION 


COLUMNA COLUMN B 


MEMORY CLOCK MEMORY 
ACCESSES CYCLES ACCESSES 
M M 


ADDRESSING MODE 


WR (Ts or Tp = 00) 
WR indirect (Ts or Tp = 01) 


WR indirect auto-increment (Ts or Tp = 11) 
Symbolic (Ts or Tp = 10, S or D = 0) 
Indexed (Ts or Tp = 10,S or D # 0) 
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4. INTERFACING 


The input/output (I/O) accommodations have been designed for TTL compatibility. Direct interfacing, supportable 
by the entire families of catalog devices, is shown in Figure 13. 


12 BITS ADDRESS BUS 15 BITS. 


16 BITS 





\ NN 
CLOCK 
SNS4LS124] GENERATOR 


FIGURE 13 — MINIMUM SBP 9S00A SYSTEM 


4.1 INPUT CIRCUIT 


The input circuit used on the SBP 9900A is basically an RTL configuration which has been modified for TTL 
compatibility as shown in Figure 14, An input-clamping diode is incorporated to limit negative excursions (ringing) 
when the SBP 9900A is on the receiving end of a transmission line; and input switching threshold of nominally 
+1.5 volts has been specified for improved noise immunity. This threshold is achieved via two resistors which function 
as a voltage divider to increase the one VBE threshold of the 12 input transistor to +1.5 volts. 
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4.1.1 


279 


EQUIVALENT OF EACH INPUT 


CLOCK OR PCCIN: Reg = 5 kQ 
ALL OTHER: Reg = 10 k2 


FIGURE 14 — SCHEMATICS OF INPUTS AND INPUT/OUTPUTS 


The input circuit characteristics for input 
current versus input voltage are shown in 
Figure 15. The 10-kQ and 20-kQ load lines 
and threshold knee at +1.5 volts provide a 
high-impedance characteristic to reduce input 
loading and improve the low-logic-level input 
noise immunity over some standard TTL 
inputs. Full compatibility is maintained with 
virtually all 5-volt-logic families even when the 
SBP 9900A is powered down (injector current 
reduced), 


Sourcing Inputs 


The inputs may be driven directly by most 
5-volt-logic families. Functions that feature 
internal pull-up resistors at their outputs 
usually require no external interface 
components. Functions that feature open- 
collector outputs generally require external 
pull-up resistors, 


Terminating Unused Inputs 


Inputs that are selected to be hardwired to a 
logic-level low may be connected directly to 





4, - INPUT CURRENT 
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EQUIVALENT OF EACH INPUT/OUTPUT 


INPUT/OUTPUT 





I¢¢ = 500 mA 








Vy- INPUT VOLTAGE 


FIGURE 15 — TYPICAL INPUT CHARACTERISTICS 


ground. Inputs that are selected to be hardwired to a logic-level high must be tied, via a current limiting (pull-up) 
resistor, to a logic-level-high low-impedance voltage source such as Vcc. A single resistor common to all (N) inputs 


may be used for transient protection. 


3-35 


SBP 9900A, SBP 9900A-1 


4.2 


4.2.1 
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TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT/OUTPUT 
INPUT/OUTPUT 


OUTPUT 





FIGURE 16 — SCHEMATICS OF OUTPUTS AND INPUT/OUTPUTS 
OUTPUT CIRCUIT 


The output circuit selected for the SBP 9900A is a current-injected, open-collector transistor shown in Figure 16. Since 
this transistor is current-injected, output sourcing capability is directly related to injector current. In other words, the 
number of loads that may be driven by an SBP 9900A output is directly reduced as injector current is reduced. 


The output circuit characteristic for !ow-level output 
voltage (VOL) versus low-level output current (IOL) 
is shown in Figure 17. At rated injector current, the 
SBP 9900A output circuit offers a low-level output 400 


A lcc = 500 
voltage of typically 220 mV. ce mn 
350 
The output circuit characteristics for 1) high-level 2 
output voltage (VOH) and current (IOH), 2) rise | 300 
times, and 3) next stage input noise immunity, are a WW 
function of the load circuit being driven. The load < 250 
circuit may be either: rs] 
> 
A) _ the direct input of a five-volt-logic family EB 200 
if no source current is required e 
> 150 
or, for greater noise immunity and improved rise 4 
times, fo) 
£ 100 


B) the direct input of a five-volt-logic 
family in conjunction with a discrete 50 
pull-up resistor. 





ig — OUTPUT CURRENT — mA 


FIGURE 17 — TYPICAL OUTPUT 
CHARACTERISTICS 


OUTPUT LOAD RESISTOR 


When a discrete pull-up resistor Ri is utilized, the fanout requirements will restrict both its maximum and minimum 
values. The maximum load resistor value RL (max) will maintain the high-level output voltage minimum (2.4 V) while 
conducting IOH + N° l}Hiload)- RL(max) may be calculated as shown in Figure 18. 


The minimum load resistor Ri (min) should insure that the arithmetic sum of the current through Ri and the sink 
currents of the loads is less than IOL. RL(min) may be calculated as shown in Figure 18. 


Table 7 shows, for convenience, RL (Min) 2nd RL(Max) values for several fanout values. 
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HIGH-LEVEL (OFF-STATE) CIRCUIT CALCULATIONS LOW-LEVEL (ON-STATE) CIRCUIT CALCULATIONS 
The allowable voltage drop across the load resistor (Vy) is the The maximum current through the load resistor when the out- 


put is on, plus the amount of current from the low-level input 
load, must be limited to the Io, capability of the output. There- 


difference between the pull-up source and the Vou level re- 
quired at the load: 


VRL = Vsource — VOH min fore, the equation is: 


The total current through the load resistor (Im_) is the sum of V V 

: source — YOL max 

the load current and the high-level output current (IQH): Ru(min) = 
lou ~ load 


IRL = Load Current (into the load inputs) + IoH 
where: Igy = 400 nA max 


Therefore, calculations for the maximum value of Rt, would be: 


Vsource — VOH min 


R in ohms = 
L(max) '90 Load Current + 400 uA 


Vsou rce Vsou rce 












SBP 9900A 
OUTPUT 





sBP9900A = 'OH = 400 HA Re 


OUTPUT 


Re IRL 


LOADS 


lOL' 







_” 
LOAD CURRENT 


Noad = N° NH LOAD CURRENT 


2 Noad = Ne tie 2 
N—-1 N~-1 
HL 
NH 
N N 
ML 
NH 
Assume: = Vsource = 5 V. VOH(min) = 2-4 V, Assume: Veource =5 V, VOL = 0.4 V, 11, = 2mA, 
N=5, tip =50uA N = 5, lo_ capability = 20 mA 
R Vsource — VOH R Vsource — VOL 
L = L(min) =~ 
(max) lead lok lot — Noad 
5V-24V 2.6 5V—-04V 4.6 
R ee er ec eee ANU D Re(min) = Doo? Te 2 = 4602 
Limax) " 250 uA +400 HA 0.00065 Limin) 20mA--10mA — 0.01 
A. Ry MAXIMUM CALCULATIONS B. Ry MINIMUM CALCULATIONS 
FIGURE 18 — OUTPUT LOAD RESISTOR CALCULATIONS 
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TABLE 7 
OUTPUT LOAD RESISTOR VALUES (R,) 


DRIVING DRIVING DRIVING 
1 LOAD 5 LOADS 10 LOADS 


RL (min) Ri(max) Ri (min) Ri (max) RL(min) Ri (max) 


TYPE OF 
LOGIC 


54LS/74LS 

54/74 

54S/74S 

MOS 

C-MOS 

CONDITIONS: And unit loads of: We 

Vsource =5V. 54LS/74LS 0.36 mA 
VOH = 2.4 V (Satisfies most 5-V logic), 54/74 1.6 mA 
VoL =9.4V, 54S/74S 2mA 
IOH = 400 uA (Maximum leakage), N-MOS 10 pA 
loL = 20mA C-MOS 10 pA 





5. POWER SOURCE 


12L is a current-injected logic. When the injector and ground pins are placed across a curve tracer, the processor V-1 
characteristic will resemble that of a silicon switching diode. Any voltage or current source capable of supplying the 
desired current at the injector node voltage required will suffice. A dry-cell battery, a 5-volt TTL power supply, a pro- 
grammable current supply (See Figure 19) — literally whatever power source is convenient can be used for most cases. 
For example, if a 5-volt TTL power supply is to be used, a series dropping resistor should be connected between the 5- 
volt supply and the injector pins of the I12L device, as illustrated in Figure 20, to select the desired operating current. 


+VSUPPLY 


500 mA @ 1.05 V 


SBP 9900A 





FIGURE 19 — INJECTOR CURRENT SOURCE 
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*+VSUPPLY 


SBP 9900A 





GENERAL FORMULA (OHM’'S LAW) 


VsupPLy — Voc 


Rprop = lec 


EXAMPLE FOR Vsupp.y = 5V, AND Icc = 500 mA: 








5-—1.05 3.95 
Rorop = cso OE = 7.9 OHMS 


FIGURE 20 — INJECTOR CURRENT CALCULATIONS 


Figures 21 and 22 show the typical injector node voltages that occur across the temperature and injector current ranges. 


1400 


1300 
1.4 







1200 TA = 28°C 


PEE 
aa ae ae eee 
ae ee ee ie 


1.2 






1100 


1000 1.0 


Vcc—TYPICAL INJECTOR NODE VOLTAGE-—mV 
Vec—-TYPICAL INJECTOR NODE VOLTAGE-—V 





= Pane aees 
0.8 
: aes 
a i a a a 
-75 -50 -25 0 2 50 75 100 125 : a oe sie ae anys 
Ta-FREE-AIR TEMPERATURE-'C Ices INTE CTOR:CURRENT-mA 
FIGURE 21 — INJECTOR-NODE VOLTAGE vs FIGURE 22 — INJECTOR-NODE VOLTAGE vs 
FREE-AIR TEMPERATURE INJECTOR CURRENT 
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6. ELECTRICAL AND MECHANICAL SPECIFICATIONS 


6.1 SBP 9900A AND SBP 9900A-1* RECOMMENDED OPERATING CONDITIONS AT Icc = MAX t 
(UNLESS OTHERWISE NOTED) 


PARAMETER pio max | unt 


SBP 9900A MJ/NJ/EJ 450 0 
Supply current, [cc SBP 9900ACJ mA 


High-level output voltage, Von ae ee 






+ 










Low-level output current, lor 
Clock frequency, felock 


High (67%) beet na. 
Width of clock pulse, tw 


Clock rise time, t, ee 
Clock fall time, tr ae ee 7 


MHz 











_ 
o 
> 
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SBP 9900AEJ 


“ References to SBP 9900A apply equally to the SBP 9900A-1 throughout this document except in 6.3 Switching Characteristics. SBP 9900A-1 
complies with JAN specification MiL-M-38510/46001 and MIL-STD-883 processing. 
t For conditions shown as MIN, NOM, MAX, use the appropriate value specified under recommended operating conditions. 


Operating free-air temperature, Ta 
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6.2. SBP 9900A AND SBP 9900A-1* CHARACTERISTICS OVER RECOMMENDED OPERATING 
FREE-AIR TEMPERATURE RANGE (UNLESS OTHERWISE NOTED) 


Other outputs 


| High-level output current 
OH a r 1/0 Pins 


VOL Low-level output voltage 
; : , Clock 
nput curren 
| é All other inputs 


6.3 SBP 9900A AND SBP 9900A-1* SWITCHING CHARACTERISTICS OVER RECOMMENDED 
OPERATING FREE-AIR TEMPERATURE RANGE (UNLESS OTHERWISE NOTED), Icc = MAX, 
SEE FIGURES 23 AND 24 


SBP 9800A SBP 9900A-1* 
PARAMETER TO EST COND!ITIONST UNIT 
MIN TYP MAX | MIN TYP MAX 


[100165 [100185 [ns | 

L= 180 

[9s 45 [os te8 | | 
| CRUDATAOUT(CRUOUT) 


tpLH or tpHL_ | CLOCK} HOLD ACKNOWLEDGE (HLDA) 190 290 190 290] ns | 
tPLH or tp | CLOCK| WAIT | 90130 | 90 130 | ns | 
tPLH OF tpH_ | CLOCK| INSTRUCTION ACQUISITION (IAQ) 90 130 90 130[ ns | 


Tt For conditions shown MIN, NOM, or MAX, use the appropriate value specified under recommended operating conditions, 

* All typical values are at Io¢ = NOM, Ta = 25°C. 

* References to SBP 9900A apply equally to the SBP 9900A-1 throughout this document except in 6.3 Switching Characteristics. SBP 9900A-1 
complies with JAN specification MIL-M-38510/46001 and MIL-STD-883 processing. 
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FIGURE 23 — SWITCHING-TIME VOLTAGE WAVEFORMS 


Vec=5V 


RL = 300 2 


Cy = 150 pF 
600 2 i. L 


FROM ANY 
OUTPUT 


FIGURE 24 — SWITCHING-TIME LOAD-CIRCUITS 
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6.4 CLOCK FREQUENCY VS. TEMPERATURE 


Stability of the operational frequency over the full temperature range of —55°C to 125°C is illustrated in Figure 25. 
The effects of temperature on clock frequency are nil above 0°C. Below O°C the effects are typically less than —5% 
with respect to the typical performance. 
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FIGURE 25 — AC PERFORMANCE FREE-AIR TEMPERATURE 


7. MECHANICAL DATA 








ere 7, (82,1) Meee ee eg 
0,900 + 0.020 


g g 
{22,86 + 0,51) | ee (0,51) MIN 0.200 (5,08) MAX 7 


some TTEPPPRTEA TT TEEPE TART ETT E TEE T EE 


105° PLANE 
90° 
0.010 (0,254) NOM -gel\ai 5 wll a 
0.120 (3,0) MIN 


0.050 (1,27) NOM 0.017 + 0.003 0.050 + 0.020 
PIN SPACING 0,100 (2,54) T.P. (0,432 + 0,076) (1,27 + 0,51) 
(See Note A) 












NOTES: A. Each pin centerline is located within 0.010 (2,54) of its true longitudinal position. 
B. All linear dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
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SBP 9960 
PROGRAMMABLE CRU I/O EXPANDER 


1.0 INTRODUCTION 
1.1 GENERAL DESCRIPTION 


The SBP 9960 Programmable CRU I/O Expander is a ruggedized monolithic software-configurable 
input/output device fabricated with oxide separated Integrated Injection Logic (I2L) technology. The SBP 
9960 provides a flexible and efficient Communications Register Unit (CRU) based interface between the 
SBP/TMS 9900 series Family of microprocessors and auxiliary systems functions ranging from bit- 
oriented sensors and actuators to byte/word/n-bit-field oriented peripherals. 


Under software control, each of the SBP 9960's sixteen single-bit I/O ports may be individually con- 
figured to either the input or output mode. I2L technology enables the SBP 9960's static logic, and TTL 
compatible I/O, to operate over a very wide ambient temperature range from a single d-c power source 
with output current sink capability up to 40 mA. When the SBP 9960 is used in conjunction with the 
SBP 9961 I2L Interrupt-Controller/Timer, the SBP 9960/SBP 9961 pair form an I2L systems alternate to 
the N-channel MOS TMS 9901 Programmable Systems Interface device while maintaining strict com- 
patibility with existing software handlers developed in support of the TMS 9901. 


1.2 KEY FEATURES 
@ SBP/TMS 9900 Series Microprocessor Family Peripheral 
© 16 Individual, Single Bit, Software Configurable I/O Ports 
@ 20/40 mAcurrent Sinking Outputs 
@ Software Compatibility with TMS 9901 when used in Conjunction with SBP 9961 
@ TTLCompatible !/O 


@ Wide Ambient Temperature Operation 
— SBP 9960CJ: 0°C to + 70°C 
— SBP 9960EJ: —40°C to +85°C 
— SBP 9960MJ: —55°C to + 125°C 
— SBP 9960NJ: —55°C to + 125°C (with high-reliability processing) 


@  |2L Technology 
— Constant Current Power Source 
— Fully Static Operation 
— Single Phase Edge-Triggering Clock 
— Wide Temperature Stability 


DESIGN GOAL 
This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 3-47 





SBP 9960 


2.0 FUNCTIONAL DESCRIPTION 


2.1 


CRU INTERFACE 


2.2 


2.3 
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SBP 9960/CPU INTERFACE 


The SBP 9960 communicates with the CPU through the commumications Register Unit (CRU) interface 
as shown in Figures 1 and 3. The SBP 9960’s CRU interface consists of: a) five CRU address select lines 
(S0-S4), B) a single chip enable (CE), c) a 9960 to CPU serial data-bit line (CRUIN), d) a CPU to 9960 serial 
data-bit line (CRUOUT), and e) a CPU to 9960 serial data-bit clock (CRUCLK). When CE is activated 
(logic-level low), S0-S4 select a specific single-bit [/O port as indicated in Table 1. In the case of an 
SBP 9960 write operation, the datum is transferred from the CPU to the SBP 9960 via the CRUOUT line. 
The CRUOUT datum is strobed into the selected single-bit port by CRUCLK. in the case of a SBP 9960 read 
operation, the selected single-bit port is sampled by the CPU via the CRUIN line. 


CRUCLK a LATCHES 


can 16-BIT BUS : 


CRUOUT 


CONTROL 
FF 

so 

$1 
$2 Q 
$3 8 
re) 
$4 5 
BUFFERS = 
AND 2 
ro) 
3) 
E 
a 
© 
- 








FIGURE 1. SBP9960 FUNCTIONAL BLOCK DIAGRAM 


CRU BIT ASSIGNMENTS 


Table 1 describes the SBP 9960’s CRU bit assignments. Note that CRU bits 1-14 have been reserved for 
the SBP 9961 thereby insuring software compatibility between the SBP 9960/SBP9961 pair and the 
TMS 9901. 


INPUT/OUTPUT 


One of sixteen SBP 9960, single-bit, combination open-collector-output/resistor-divider-input I/O ports 
is conversationally represented in figure 2. As a direct result of the open-collector output structure, the 
data flow direction through the port is determined by the stored logic-level of the associated output- 
register bit in combination with the data flow direction of the external device serviced by the port. When 
DESIGN GOAL 
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SBP 9960 


the output-register bit (Q) is at logic-level high, the corresponding package pin (P) is essentially floating 
and therefore free to be externally pulled to either the high or low logic-level. In other words, when Qis at 
logic-level high, the ports data flow direction can be either inward, where an external device pulls P to the 
high or low logic-level; or the data flow direction can be outward, where an external resistor (R) both 
pulls P to logic-level high and sources current drive into the inputs of external devices. When Q is at 
logic-level low, the ports unconditional data flow direction is outward, where P has the capacity to sink 
20/40'mA of current from external devices. Q can be reset to logic-level low through CPU execution of a 
SET BIT TO ZERO (SBZ) instruction; OQ. can be set to logic-level high through: 1) a hardware initiated reset 
(RESET), 2) a software initiated reset (RST : CRU BIT 15) preceded by setting the control bit (CRU BIT 0) to 
logic-level high, or 3) CPU execution of a SET BIT TO ONE (SBO) instruction. Note that both RESET and 
RST affect all sixteen single-bit I/O ports while CPU execution of either an SBO or SBZ instruction can be 
targeted at an individual single-bit port independent of uninvolved ports. Once the data flow direction 
has been established for each single-bit port, CPU communication with the external devices driven or 
sensed by each individual port is effected through execution of the CRU instructions: LDCR, STCR, SBO, 
SBZ, and TB. 


SBP 9960 





CRUIN 

CRUOUT ¢ ; eens 
CRUCLK 

RESET 





FIGURE 2. 1 OF 16 SINGLE-BIT I/O PORTS 


*Outputs PO, P1, P2, and P3 have extended current sink capability to 40 mA. 
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TABLE 1 — REP 9960 CRU BIT ASSIGNMENTS 


CRU BIT ERE CRU READ DATA CRU WRITE DATA 
2} 2} tenet git ___conval 


| Notei 1 


No Operation/ 
ast (2) 


Tita tetet ae ae 
Ot 






1-14 

















NOTES: (1) Bits 1-14 reserved for SBP 9961 Interval Timer/Interrupt Controller 

(2) Writing a zero to bit 15 while CONTROL = 1 executes a software 
reset of the I/O ports. 

(3) Data present on the port will be read without affecting the data. 

(4) Writing data to the port will both program the port to the output 
mode and output the data. 

(5) These outputs are provided with extended sink-current capability 
to 40 mA. 


SYSTEM OPERATION 


During a typical power-up sequence of a SBP 9960-based system, RESET should be activated (logic-level 
low) to force the SBP 9960 to the state where each of the sixteen individual single-bit I/O ports is in the 
input mode. System software should then configure each single-bit port as required. If a given port must 
be reconfigured from the input to output mode after power-up, the associated output-register bit must 
be set to logic-level high through CPU execution of an SBO instruction. 


SBP 9960/SBP 9961 EMULATION OF THE TMS 9901 


Figure 3 shows the system configuration of a SBP 9960 functioning in conjunction with a SBP 9961 in 
emulation of a TMS 9901. Note the common connection of: a) the individual chip enables, and b) the 
CRU interface lines. For a complete description of the SBP 9961 and the TMS 9901 refer respectively to 
the SBP 9961 Interrupt-Controller/Timer Data Manual and the TMS 9901 Programmable Systems Inter- 
face Data Manual. 
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FIGURE 3 — SYSTEM CONFIGURATION USING SBP 9960 AND SBP 9961 
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16-BITS CONTIGUOUS I/O 
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2.6 SBP 9960 PIN ASSIGNMENTS AND FUNCTIONS 
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SIGNATURE | PIN | 


SO 
$1 
$2 
$3 
$4 


CRUIN 


CRUOUT 


CRUCLK 


RESET 


6 
7 
8 
9 
10 


4 


/O 


1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
/O 
1/0 
1/0 
1/0 
1/0 
1/0 


DESCRIPTION 


ADDRESS SELECT LINES. The data bit being accessed by the CRU 
interface is specified by the 5-bit code appearing on S0-S4. 


CRU DATA IN (to CPU). Data specified by S0-S4 is transmitted to the 
CPU by CRUIN. When CE is not active, CRUIN is pulled to logic-leve 
high. 


CRU DATA OUT (from CPU). When CE is active data present on the 
CRUOUT input will be strobed by CRUCLK and written into the CRU 
bit specified by S0-S4. 


CRU CLOCK (from CPU). CRUCLK specifies that valid data is present 
on the CRUOUT line. 


POWER-UP RESET. When active (low), RESET forces all 1/O’s 
(PO-P15) to input mode. 


CHIP ENABLE. When active (low), data may be bidirectionally trans- 
ferred between the SBP 9960 and the CPU. 


Supply Current RESET 1[] J28 INS 


Ground Reference “CRUOUT PO 
1/O pins CRUCLK P41 
cruin 4U P2 

CE P3 

so 6 LU P4 

$1 P5 

$2 P6 

$3 P7 

s4 10 [] P8 

P15 11[] P9 
P14 12 [] P10 

P13 13 || P11 
GND 14 [] P12 
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3.0 ELECTRICAL SPECIFICATIONS SBP 9960 


3.1 RECOMMENDED OPERATING CONDITIONS UNLESS OTHERWISE NOTED, Icc = 70 mA 


High-level output voltage, VoH 


Low-level output current, Io. 
SBP 9960MJ, SBP S960NJ 
Operating free-air temperature, Ta SBP 9960EJ —40 


SBP 9960CJ 0 





T40 mA on extended drive outputs PO, P1, P2, and P3 


3.2 ELECTRICAL CHARACTERISTICS (OVER RECOMMENDED OPERATING FREE-AIR 
TEMPERATURE RANGE, UNLESS OTHERWISE NOTED) 


PARAMETER TEST CONDITIONST 


High-level inout voltage 





Low-level input voltage 








Vik Input clamp voltage Icc = MIN, 1; =-12mA 

Icc = 70 mA, VIH=2V, 

Vit =08V, VoH =5.5 V 

Icc = 70 mA, VIH=2V, 
ViL=08V, Io = 20 mA (40 ma) 
Input current Icc = 70 mA, Vp=24V 





High-level output current 


VoL Low-level output voltage 





tFor conditions shown as MAX, use the appropriate value specified under recommended operating conditions. 
Fall typical values are at loc = 70mA, Ta = 25°C. 
§ Extended drive outputs only. 


3.3 TIMING REQUIREMENTS OVER FULL RANGE OF OPERATING CONDITIONS 


PARAMETER 
t Setup time for S0-S4, CE, or CRUOUT before CRUCLK 


su 
tsy Setup time, input before valid CRUIN 








twiCRUCLK) CRU clock pulse width 
Hold time for Address or Data 





3.4 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING 


CONDITIONS 
PARAMETER TEST CONDITIONS MIN TYP MAX __| UNIT 


; Propagation delay, SO-S4 or CE C) = 100pF,R; = 3002 300 
PD to valid CRUIN isha 
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NOTE 1: ALL TIMING MEASUREMENTS ARE F ROM 10% and 90% POINTS 
SWITCHING CHARACTERISTICS 


4.0 INPUT, OUTPUT, AND INPUT/OUTPUT STRUCTURES 


A. EQUIVALENT OF EACH INPUT B. TYPICAL OF ALL C. EQUIVALENT OF EACH INPUT/OUTPUT 
OUTPUTS 


INPUT/OUTPUT 


OUTPUT 
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SS 1.415 (36.0) MAX 
® 











© 


0.600 + 0.010 


+ 
(15.24 + 0.26) 0.020 (0.50) MIN 


SEATING pill 


“PLANE a 
0.010 (0.25) nom —o| |e— 4 — 


0.018 + 0.003 


(0.46 + 0.08) 


0.050 + 0.010 
(1.27 + 0.26) 

























PIN SPACING 
0.100 (2.54) T.P. 
(See Note A) 
0.050 + 0.020 


(1.27 + 0.51) 


NOTES: A. EACH PIN CENTERLINE IS LOCATED WITHIN 0.100 OF ITS TRUE LONGITUDINAL POSITION. 


B. ALL LINEAR DIMENSIONS ARE IN INCHES (AND PARENTHETICALLY IN MILLIMETERS 
FOR REFERENCE ONLY). INCH DIMENSIONS GOVERN. 
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i__ 0.150 + 0.030 
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1.0 


1.1 


1.2 


2.0 


2.1 


SBP 9961 INTERRUPT CONTROLLER AND TIMER SBP 9961 


INTRODUCTION 
GENERAL DESCRIPTION 


The SBP 9961 Interrupt Controller and Timer is a ruggedized, monolithic, Communications Register Unit (CRU) 
programmable, multifunction systems support device fabricated with oxide separated Integrated Injection 
Logic (I?L) technology. The SBP 9961 provides the SBP/TMS 9900 series Family of Microprocessors witha 
flexible independently clocked interval/event timer plus maskable prioritized interrupt encoding capability. 
I?7L technology enables the SBP 9961s static logic, and TTL compatible I/O, to operate over a very wide 
ambient temperature range from a single d-c power source. When the SBP 9961 is used in conjunction 
with the I7L SBP 9960 CRU I/O Expander, the SBP 9961/SBP 9960 pair form an I7L systems alternate to 
the N-channel MOS TMS 9901 Programmable Systems Interface device while maintaining strict 
compatibility with existing software handlers developed in support of the TMS 9901. 


KEY FEATURES 

@ SBP/TMS 9900 Series Microprocessor Family Peripheral 

e 15 Dedicated, Maskable, Prioritized, Encoded Interrupts 

© 20mA Current Sinking Outputs 

@ 40-Pin Package 

@ Independently Clocked 14-Bit Interval/Event Timer 

© Software Compatible with TMS 9901 when used in conjunction with SBP 9960 
@ TTL Compatible I/O 


© Wide Ambient Temperature Operation 
— SBP 9961CJ: O°C to +70°C 
— SBP 9961EJ: -40°C to +85°C 
— SBP 9961MuU: -55°C to +125°C 
— SBP 9961NJ: -55°C to +125°C (with high-reliability processing) 


@ = PL Technology 
— Constant Current Power Source 
— Fully Static Operation 
— Single Phase Edge-Triggering Clock 
— Wide Temperature Stability 


FUNCTIONAL DESCRIPTION 
SBP 9961/CPU INTERFACE 


The SBP 9961 communicates with the CPU through the Communications Register Unit (CRU) interface as 
shown in Figures 1 and 4. The SBP 9961s CRU interface consists of: a) five CRU address select lines (SO- 
$4), b) a single chip enable (CE), c) a 9961 to CPU serial data-bit line (CRUIN), d)a CPU to 9961 serial data-bit 
line (CRUOUT), and e) a CPU to 9961 serial data-bit clock (CRUCLK). When CE is activated (logic-level low), 
SO-S4 selects a specific CRU-bit function as indicated in Table 1. In the case of aSBP 9961 write operation, 
the datum is transferred from the CPU to the SBP 9961 via the CRUOUT line. The CRUOUT datum is strobed 
into the selected 9961 CRU-bit function by CRUCLK. In the case of a SBP 9961 read operation, the selected 
CRU-bit function is sampled by the CPU via the CRUIN line. 


3-59 





SBP 9961 


2.2 


3-60 


TABLE 1 — CRU BIT ASSIGNMENTS 


CRU BIT | so | si | s2 | sz] sa | CRU READ DATA CRU WRITE DATA 


Control Bit Control Bit!1) 
INTT/TIM1(2) Mask 1/TIM1(3) 
INT2/TIM2 Mask2/TIM2 
iINT3/TIM3 Mask3/TIM3 
INT4/TIM4 Mask4/TIM4 
INTS/TIMS Mask5/TIMS 
INT6/TIM6 Mask6/TIM6 
INT7/TIM7 Mask7/TIM7 
INT8/TIM8 Mask8/TIM8 
TNT9/TIM9 Mask9/TiIM9Q 
INT 10/TIM10 Mask10/TIM10 
INT11/TIM11 Mask11/TIM11 
INT12/TIM12 Mask12/TIM12 
INT13/TIM13 Mask13/TIM13 
INT14/TIM14 Mask14/TIM14 
INTI5/INTREO Mask 15 


° 
Rat 


ODN OOA WN - CO 
_~ = BS eS ae ese om oe COO COO COCO 0 O&O 
pepe —-o- 2452000 0 2.4 42 2 000 0 
=~- O00 -00+.2.2 00,00 
~~ ee =e Of Of-r core Of Or OO - CO 


0 
0 
0 
0 
0 
0 
0 
0 
ie) 
0 
0 
0 
0 
0 
0 





NOTES: (1) O= Interrupt Mode; 1 = TIMCK Mode. 
(2) Data present on INT Input (or timer value) will be read regardless of mask value. 
(3) While in the Interrupt Mode (Contro! Bit = 0), writing a 1" into a mask will enable interrupt, 
“O"' will disable. 
(4) When the SBP 9961/SBP 9960 pair are used in emulation of the TMS 9901, SO is used to 
distinguish between activation of the 9961 (SO = 0) v.s. the 9960 (SO = 1). 


INTERRUPT CONTROL 


A block diagram of the SBP 9961 interrupt control section is shown in Figure 2. The interrupt inputs are sampled 
on the positive-going edge of CLOCK and are ANDed with their respective mask bits. If an interrupt input is active 
(low) and enabled (MASK = 1), the signal is passed through the priority encoder where the highest priority signal is - 
encoded into a 4-bit binary word as shown in Table 2. This word, along with an interrupt request, is then output to 
the CPU on the positive-going edge of the next CLOCK. 


The output signals will remain valid until either the corresponding interrupt input is removed, the interrupt is disabled 
(MASK = 0), or a higher priority enabled interrupt becomes active. When the highest priority enabled interrupt is 
removed, the code corresponding to the next highest priority enabled interrupt is output. If no enabled interrupt is 
active, INTREQ will be pulled to logic-level high with ICO—IC3 retaininy the last asserted interrupt code. RESET 
(power-up reset) will force the interrupt code ICO—IC3 to (0,0,0,0) with INTREQ pulled high, and will reset all mask 
bits low (interrupts disabled). Individual interrupts can be subsequently enabled (disabled) by programming the appro- 
priate mask bits. Unused interrupt inputs may be used as data inputs by disabling the interrupt (MASK = 0). 
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FIGURE 1 — SBP 9961 BLOCK DIAGRAM 
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FIGURE 2 — INTERRUPT CONTROL LOGIC 


TABLES SBP 9961 


INTERRUPT CODE GENERATION 


INTERRUPTISTATE [PRIORITY | leo | tor | lea | les] WYRE 


TNT 1 1 (HIGHEST) 
INT 2 

INT 3/TIMER 

INT 4 

1 

1 

1 


INT 9 

INT 10 

INT 11 

INT 12 

INT 13 

INT 14 

TINT 15 15 (LOWEST) 
NO INTERRUPT 7 


0 
ce) 
8) 
0 
0 
0 
ie) 
1 
1 
1 
1 
1 
1 
1 


-"}]—- -§ Oodo}=-f- 2212000 
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(1) 1C0-IC3 hold the level code of the previous interrupt. 


2.3 INTERVAL TIMER 





The SBP 9961's interval/event timer, shown in Figure 3, has the following operational features: 
a) Independent clock input TIMCK 
~ b) Programmable 14-bit decrementer 
c) Timer-reaches-zero level-3 interrupt 
d) ‘Timer reaches zero output pulse TDZ 
e) Able to read the current decremented value and therefore function as an event timer 
f) Able to determine the SBP 9961's operating mode and value of INTREQ. 


The SBP 9961 has an independent timer clock input, TIMCK, which allows the user to define an interval timer clock 
frequency other than that of the CPU. This, however, does not preclude the user option of connecting TIMCK to the 
CPU‘s CLOCK input and therefore running the interval timer at the CPU's clock frequency. The typical operating 
range of TIMCK is 0-5 MHz. 


DESIGN GOAL 


This page provides tentative information on a 

product in the developmental stage. Texas 

Instruments reserves the right to change or dis- - 

continue, this product without notice. 3-63 


SBP 9961 


INTERFACE 


3-64 


The timer’s CRU control bits are shown in Table 1. The SBP 9961 is placed into the timer-access mode by 
writing a logic-level high to the control bit located at CRU address zero. CRU bits 1-14 are then used to 
initiate the write-register with the desired start count. Writing a non-zero value to the write-register a) 
enables the decrementer, b) programs the third priority interrupt (INT3) as the timer interrupt, and c) 
disables the influence of external interrupts on the INT3 input pin. Asingle LDCR instruction can be used to 
accomplish the above initialization operation. After the write-register has been initialized with the desired 
start count, the timer begins decrementing toward zero. Upon reaching zero, the timer issues the level-3 
interrupt, outputs the timer-zero pulse TDZ, and restarts itself with the write-register value. Since the timer 
interrupt is latched, clearing that interrupt is accomplished by writing either a logic-level low or high to the 
respective interrupt mask bit at CRU address three. The CRUCLK that accompanies that write operation is 
the stimulus which resets the timers interrupt latch. However, in order to retain the current mask value, the 
appropriate SBZ or SBO CRU-write instruction must be executed unless the mask value itself is to be 
changed. At any point in the timer’s decrement sequence, a timer restart can be accomplished by either 
reinitiating the entire write-register with an LDCR instruction, or by writing to any individual write-register 
bit with an SBZ or SBO instruction. 


If the control bitis at logic-level low, the timer’s read-register is updated with the current decrementer value 
after each decrement operation (once every 64 TIMCK clocks); if the control bit is at logic-level high (timer- 
access mode), the read-register retains its current value thereby ensuring that the read-register is not 
changed in the event a CRU read operation is executing during a decrement operation. Consequently, the 
current value of the timer’s decrementer can be interrogated by 1) placing the SBP 9961 into the timer- 
access mode, and 2) performing a CRU-read operation on the timer’s read-register through execution of an 
STCR instruction. The timer, then, can function as an event timer by reading the elapsed time between 
software events as shown in Table 3. Note that when accessing the timer, all interrupts should be disabled. 
The timer is disabled by either RESET (power-up reset) or by writing all zeroes to the write-register. 


RRS WRITE REGISTER 






CRU 


DECREMENTER 


DEC =0 TIMER 


TIMCK INTERRUPT 


TIMER ZERO DETECT 





: READ REGISTER 


FIGURE 3 — INTERVAL/EVENT TIMER. 
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2.4 SBP 9961 STATUS 


The SBP 9961s status can be determined by reading the value of the control bit located at CRU address zero. 
If the control bit has a logic-level low value, then the interrupt masks may be changed and data on the 
interrupt inputs may be read. However, access to the interval timer is inhibited. If the control bit has a logic- 
level high value, then the timer may be initiated, restarted, or read. Also, reading CRU address fifteen gives 
the status of INTREQ where logic-level low indicates activation. 


TABLE 3 — SOFTWARE EXAMPLES 


ASSUMPTIONS: 
— Total of 6 interrupts are used 
— RESET has been applied 
— System uses timer at maximum interval 





Li R12, CRUBAS Setup CRU Base Address to point to 9961 

LDCR @X,0 Program Timer with maximum interval 
SYSTEM LDCR @Y,7 Re-enter interrupt mode and enable top 6 interrupts 
SETUP (X) ———————- F FF F 


(Y)——————_>- 7 F XX 


BLWP CLKVCT Save Interrupt Mask 


CLKPC LIMI 0 Disable Interrupts 
LI R12, CRUBASE+1 Set up CRU base 
SBO -1 Set 9961 into timer-access mode 
STCR R4,14 Store read register into R4 


Process Timer Value 


SBZ -1 Re-enter Interrupt Mode (i.e., Exit Timer-Access Mode) 
RTWP Restore Interrupt Mask 
CLKUCT ~— DATA CLKWP,CLKPC 
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FIGURE 4 — SBP 9961 SYSTEM CONFIGURATION 
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2.5 SYSTEM OPERATION 


During power-up, RESET should be activated (low) to force the SBP 9961 into a known state. RESET will 
disable all interrupts, disable the timer, and force ICO-IC3 to (0,0,0,0) with INTREQ pulled high. System 
software should then enable the proper interrupts and program the timer (if used). See Table 3 for an 
example. After initial power up, the SBP 9961 is accessed only as needed to service the timer and enable or 
disable interrupts. 


Figure 4 shows SBP 9961s system configuration. Figure 5 shows the use of a SBP 9961 with a SBP 9960 
CRU I/O expander in emulation of the TMS 9901. (See TMS 9907 Systems Interface Data Manual.) 
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FIGURE 5 — SYSTEM CONFIGURATION USING SBP 9960 AND SBP 9961 
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2.6 SBP 9961 PIN ASSIGNMENTS AND FUNCTIONS 
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33 
35 
31 
34 
32 
28 


17 


38 


11 


oar Ww 
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40 
19, 20 
37 
12 


21 
14 
15 
16 
18 


10 
22 
23 
25 
26 
27 
29 


IN 
IN 
IN 
IN 
IN 
OUT 


OUT 


OUT 
OUT 
OUT 
OUT 


OUT 


IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN- 
IN 
IN 
IN 
IN 
IN 


DESCRIPTION 


ADDRESS SELECT LINES. The data bit being accessed by the CRU interface is speci- 
fied by the 4-bit code appearing on S$1—S4. SO is used as the high order select line when 
the SBP 9961 is used with the SBP 9960 in emulation of the TMS 9901. Otherwise, 
tie SO to logic-level low. 


CRU DATA IN (to CPU). Data specified by SO-S4 is transmitted to the CPU by CRUIN. 
When CE is not active, CRUIN is logic-level high. 

CRU DATA OUT (from CPU). When CE is active, data present on the CRUOUT input 
will be sampled during CRUCLK and written into the CRU bit specified by S0-S4. 
CRU CLOCK (from CPU). CRUCLK specifies that valid data is present on the CRUOUT 
line. 

POWER-UP RESET. When active (low), RESET forces all interrupt masks to “0”, and 
disables the clock. 

CHIP ENABLE. When active (low), data transfers may occur between the CPU and the 
SBP 9961. 

TIMER CLOCK IN. External clock used for the timer decrementer. May be externally 
tied to the CLOCK input pin. 


TIMER DECREMENTER EQUALS ZERO. Low active pulse indicating that the timers 
decrementer contains a value of zero (all logic-level lows). 


INTERRUPT CODE LINES (to CPU). ICO (MSB) through 1C3 output the binary code 
corresponding to the highest priority enabled interrupt most recently asserted. 


INTERRUPT REQUEST (to CPU). When active (low) INTREQ indicates to the CPU 
that an enabled interrupt has been asserted, prioritized, and encoded. 


CPU SYSTEM CLOCK. Used by the SBP 9961 to synchronize the interrupt interface 
(INTREQ, ICO-IC3) to the CPU. 

Supply Current 

Ground Reference 

Common voltage return/reference for all !/O pull-up resistors. 

INTERRUPT !NPUTS. When active (low), the signal is ANDed with its corresponding 
mask bit and if enabled sent to the interrupt control section. INT1 has highest priority. 


DESIGN GOAL 


This page provides tentative information on a 
product in the developmental stage. Texas 
Instruments reserves the right to change or dis- 
continue this product without notice. 


SBP 9961 





CRUCLK INJ 
CE Nc 
Ico RESET 
1C1 Vec 
1c2 NC 
IC3 $1 
INTREO $3 
INTB so 
CLOCK $4 
INT9 $2 
TIMCK TDz 
INTI INT15 
INT2 CRUIN 
INT4 INT14 
INTS INTIS 
INTE INTT2 
CRUOUT Nc 
INT7 iNTTI 
GND INT10 
GND INTS 





3.0 ELECTRICAL SPECIFICATIONS 
3.1 RECOMMENDED OPERATING CONDITIONS, UNLESS OTHERWISE NOTED Icgc¢= 130 mA 


Supply current, Icc ; 
High eveToutput voltage, VOH EO 


Low-level output current, JOL 
SBP 9961MJ, SBP 9961NJ —55 


Operating free-air temperature, Ta SBP 9961EJ 
SBP 9961CJ 





3.2 ELECTRICAL CHARACTERISTICS (OVER RECOMMENDED OPERATING FREE-AIR 
TEMPERATURE RANGE, UNLESS OTHERWISE NOTED) 





PARAMETER , TEST CONDITIONST 


Vit__Low-level input voltage ee 
Vik !nput clamp voltage , Icc = MIN, 1) =—-12 mA 


: Icc = 130 mA, VIH =2YV, 
I High-level output current 
aad aa A ViL = 0.8 V, Von =5.5V 


Icc = 130 mA, VIH=2V, 
ViL=08V, lot = 20 mA 


Ij Input current Icoc = 130 mA, Vv, =2.4V 


tEor conditions shown as MAX, use the appropriate value specified under recommended operating conditions 
FAI typical values are at |g = 130 mA, Ta = 25°C. 


VoL Low-level output voltage . 
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3.3 TIMING REQUIREMENTS.OVER FULL RANGE OF OPERATING CONDITIONS 


PARAMETER 
t Clock fall time 
: : 














te i 33 

r 

f 

Pwt Clea pute aw waa 
iy ___—Setuptime for S084, CE, or CRUOUT before GRUGLK 8 
[isu ‘Setup time, nputbeforevaid RUIN 
[isu Setup time aterupt before dlocknigh SSCS CS 
PwiGRUGEK) CRU clock pulsewidth OC 


3.4 SWITCHING CHARACTERISITICS OVER FULL RANGE OF RECOMMENDED OPERATING 
CONDITIONS | 


PARAMETER TEST CONDITIONS 


Propagation delay, T CLOCK to valid 
t Weaziaat CL =25pF,RL=5k 
PD iNTREQ, IC0-IC3 L=25pF,RL=5k2 
, Propagation delay, SO-S4 or CE orc sereRccken 
PD to valid CRUIN ied uke 











MIN TYP MAX 









4.0 INPUT, OUTPUT, AND INPUT/OUTPUT STRUCTURES 


A. EQUIVALENT OF EACH INPUT B. TYPICAL OF ALL 
OUTPUTS 


Vcc 


OUTPUT 
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SBP 9961 
5.0 MECHANICAL DATA 


5.1 40-PIN PLASTIC DUAL-IN-LINE PACKAGE 


& o6o0:0010 & 


(15,24 + 0,26) 
0.020 (0,51) 
ee 
0.200 aaa 08) MAX 


105° — SEATING eee 
0.125 (3,17) MIN 
90° 0.011 + 0.003 0.018 + 0.003 ae 
(0,279 + 0 one (0,457 + 0,076) 0.033 (0,84) MIN 


PIN oo 0.100 (2,54) T.P. 0.095 (2,42) 


0.055 (1,39) 
(See Note A) 0.060 (1,52) NOM 


NOTES: A. Each pin centerline is located within 0.010 (2,54) of its true longitudinal position. 
B. All linear dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 





5.2 40-PIN CERAMIC DUAL-IN-LINE PACKAGE 


= 020 (51.3) MAX 


& & 
0.600 + 0.010 : 
(15.24 2 0.26) 0.020 (0.50) MIN 


TTT Tp o18s «ao 0.185 (4,70) MAX 
SEATING 


“PLANE f 
I | | 0.150 + 0.030 (3.81 + 0.77) 


0.018 + 0.003 | 

0.032 (0.81) NOM 
(0.46 + 0.08) we 0.050 + 0.020 
0.010 (0.25) NOM PIN SPACING 0.100 (2.54) T.P. 1 ‘ 


(1.27 + 0.51) 
{See Note A) 0.050 + 0. 010 4 


{1.27 + 0.26) 


NOTES: A. Each pin centerline is located within 0.010 (2,54) of its true longitudinal position. 
All linear dimensions are in inches and parenthetically in millimeters. tnch dimensions govern. 
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TIMING CONTROLLER FOR THE SBP 9900A 
14-Bit Interval Timer-Event Counter 
RESET and LOAD Synchronization 
SBP 9900A Clock Generation 
20-Pin Package 
TTL Compatible Open-Collector I/O 


DESCRIPTION 


The SBP 9964 is a 14-bit interval timer-event counter, an SBP 9900A clock generator and an SBP 9900A RESET and 
LOAD signal synchronizer. The interval timer-event counter communicates with the SBP 9900A through the SBP 
9900A‘s Communication Register Unit (CRU) I/O interface. The interval timer-event counter may be efficiently 
applied to a variety of applications in which the interval between external events, the number of externa! events, or 
the initiation of periodic events is desired. RESET and LOAD synchronizers provide for SBP 9900A compatible 
synchronization of these signals from asynchronously applied external signals. 
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so 
s1 : A CLOCK REGISTER 
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$3 
CRUCLK 


CRUIN 
CRUOUT ot READ REGISTER 
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FIGURE 1 — FUNCTION BLOCK DIAGRAM 
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PERIPHERAL INTERFACE ADAPTER 


e Microprocessor Memory-Mapped 1|/O Peripheral Interface 
® Dual 8-Bit Input/Output Peripheral Ports 
e Internal Mask Registers and Associated Compare Logic for Character/Data Recognition 


e TTL Compatible Open-Collector t/O 
e 40-Pin Package 
DESCRIPTION 


The SBP 9965 Peripheral Interface Adapter is a byte oriented, parallel memory-mapped, input/output interface which 
interfaces to microprocessor CPU‘s through the memory bus. Two 8-bit 1/O ports with independent handshake lines 
are provided which allow a variety of byte oriented peripheral devices to be efficiently interfaced to the CPU. High 
data rates are effected through parallel transfers of data between the CPU and the peripheral device. 


Two internal mask registers, one associated with each I/O port, may compare logic which flags the CPU whenever an 
equal condition exists between I/O and mask register data. This feature is useful for byte string searches or control 
character recognition. 
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BIPOLAR TYPES SBP 9818C, SBP 9818M 
MEMORIES 2048-WORD BY 8-BIT READ-ONLY MEMORIES 


JUNE 1979 





I2L MASK-PROGRAMMABLE READ-ONLY MEMORIES 





e TTL-Compatible Inputs and Outputs SBP 9818M ... JPACKAGE 
4 . . - SBP 9818C ... J OR N PACKAGE 
e industry Standard Pin Assignments in 24-Pin (TOP VIEW) 
Plastic and Ceramic Dual-In-Line Packages 
e Open-Collector Outputs ADH 1 24 Vec/iNd 
ADG 2 23 ADI 
ADF 3 22 ADJ 
description ADE 4 21 $3/S3/G 
These mask-programmed read-only memories offer PoP oS 20 SS) 
the designer a wide range of options such as active- ADC 6 19 ADK 
high or active-low memory-enable pins and strobe ADB 7 18 $2/S2 
control for latched or transparent output flip flops ADA 8 17 pos 
(see Programmable Options Table). These flexible, Do1 9 16 DO? 
high-density ROMs can provide the basis for cost: 66346 ie Dae 
effective solutions to many design problems including. 
those in large, fixed program memories with capa- Pos a i 28 
GND 12 13 DO4 


bility for code converters, constants, character gen- 
erators, and look-up tables. 


The SBP 9818M is characterized for operation over 
the full military temperature range of —55°C to 
125°C. The SBP 9818C is designed for operation 
from 0°C to 70°C. 


PROGRAMMABLE OPTIONS TABLE 


CaaS ea ee AE ey! 
a (a eee a (ee 
$3 $3 


2 Strobe Controlled* 
No Output Latches No Output Latches Output Latches 


*A TTL high level at pin 21 will make the output flip flops transparent, a low TTL level latches the 






outputs, 


schematics of inputs and outputs 






CURRENT INJECTED OPTION 
TYPICAL OF EACH OUTPUT 





EQUIVALENT OF EACH INPUT 


5kQ 
INPUT 
5kQ : 


-— INJ (Ice) 
OUTPUT 
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TYPES SBP 9818C, SBP 9818M 
2048-WORD BY 8-BIT READ-ONLY MEMORIES 





functional block diagram 
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NOTES  eveeseenee Indicates Programmable Options 


recommended operating conditions 


[Strobe pulse width, wig) SSC~d TCO 
[Address setup time, tulad) 7 
[Address hold time, thiad) id id i 
0 7o[-55___178| °c _| 


+The arrow indicates that the high-to-low transition of the strobe input Is used for reference, 
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TYPES SBP 9818C, SBP 9818M 
2048-WORD BY 8-BIT READ-ONLY MEMORIES 





electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 
Vin High-evelinputvorage | OCSC—C“‘S~“~*~S*s*s‘“‘“‘S; ; COSTS” Ce Vv 
Vi_ Lowievel input vottage | ___OSSS—S— 


7 200 
VIH=2V, ViL=08V, 


1 Input current 


Vi, =04V 





















= 
> 


SIN 
o1°O 
o|o 











switching characterisitics, TA = 25°C, CL = 50 pF 


PARAMETER TEST CONDITIONS 
ta(ad) Access time from address 250 ns 
ta(s) | Access time from chip select Icc = 300 mA 
ta(G) Access time from strobe 





< 
a] 








ADDRESS 
INPUTS ; 
| es tW(G)—>}-—>}-— th(ad) 
STROBE OR | ----—! | ----------- 
| (See Note 2) 
SELECT INPUT(S) = rs 
| | | 
je tu (acd) —_—_» 


; { 
DATA | { 
OUT | { 
j~——— ta(S or G)—— 
FIGURE 1 — TIMING DIAGRAM 


NOTE 2: A typical strobe pulse is indicated by the solid waveform. Select inputs may be active high or active low (as indicated by the dashed 
reference line) and enable or disable the outputs for the duration of their steady active or inactive conditions respectively. 
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TYPES SBP 9818C, SBP 9818M 


2048-WORD BY 8-BIT READ-ONLY MEMORIES 





ORDERING INSTRUCTIONS 


TO BE COMPLETED BY REQUESTOR 


COMPANY: 
ADDRESS: 


POSTAL ZIP CODE: 

CONTACT (NAME): 

PHONE: (Area Code)____(NO.) 
CUSTOMER PURCHASE ORDER NO: 
CUSTOMER PRINT OR I.D. NO: 
CUSTOMER PART NO: 

SYMBOLIZE AS PART NO: 


ROM MEMORY-ENABLE OPTIONS 
(Choose one option for each pin): 


A, PIN 18 
(Check one) 


CH = true enable 


COL = true enable 


B. PIN 20 (CH = true enable 


(Choose one) COL = true enable 
NOTES: 1. L = True enable pins will be logically true if left open. 
2. All memory enable pins must be true to enable the 
outputs. 


ROM LATCH/ENABLE OPTIONS 
(Choose one option): 


A. (1) TRANSPARENT LATCH FOR EACH OUTPUT 
(Pin 21 = H for transparency, L for storing) 

B. (1) NO LATCHES (Choose memory enable option for 
pin 21): 


CH = true enable 


B1. PIN 21 (Choose one) COL = true enable 


TO BE COMPLETED BY TI 


SPECIAL DEVICE NO: 
SALES ORDER NO: 
CONTACT (NAME): 


BIT PROGRAMMING INSTRUCTIONS 
Programming instructions for each bit location of these read-only 
memories are solicited in the form of a sequenced deck of standard 
80-column data cards providing the information requested below, 
and accompanied by a properly sequenced listing of these cards. 
Upon receipt of these items, a computer run will be made from the 
deck of cards which will produce a complete function table for the 
requested part. This function table, showing output conditions for 
each of the words, will be forwarded to the purchaser as verification 
of the input data as interpreted by the computer-automated design 
(CAD) program, This single run also generates mask and test 
program data; therefore, verification of the function table should be 
completed promptly. 


Each card in the deck prepared by the purchaser identifies the 
words specified and describes the levels at the outputs for each of 
those words. All addresses must have ai! outputs defined and 
columns designated as “blank’’ must not be punched. The 512 cards 
should be punched according to the following data card format: 


Column 

1-3 Punch a right-justified integer representing the binary 
input address (000-2044) for the first set of outputs 
described on the card. 


one 


Punch a (Minus sign) 


Punch a right-justified integer representing the binary 
input address (003-2047) for the last set of outputs 
described on the card. 

Blank 

Punch "H", "L’’, or “X"’ for bits eight, seven, six, five, 
four, three, two, and one (outputs DO 8,D0 7, DO 6, DO 
5, DO 4, DO 3, DO 2, and DO 1 in that order) for the 
first set of outputs specified on the card. (See note 1.) 
Blank 

Punch "H", ’L’’, or “X'’ for the second set of outputs. 
Blank 

Punch "H", “L"’, or 'X” for the third set of outputs. 
Blank 

Punch “H”, "L”, or ’X" for the fourth set of outputs. 


Blank 


Same as the ‘187 data card format, page 15, 


LOCATION: 
PHONE EXT: 
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SBP/TMS 9900 TRANSPORTABLE CROSS-SUPPORT SOFTWARE 
PRODUCT DESCRIPTION 


e PACKAGING 


The SBP/TMS 9900 transportable cross-support package, which is now available for sales and distribution, is composed of 
three distinct products: 9900 Cross Assembler, Simulator, and ROM Utility. The part number for the package is SYS9900/ 
16F.X. The Product Name is TMS 9900 Transportable Cross-Support Software. \nitially, the package will be manufactured 
only on ¥% inch, 9 track PE encoded (IBM compatible) magnetic tape recorded at 1600 BPI. The tape will be un-labeled, 
un-blocked, with 80 ASCII bytes per data record and will contain 131 files, The first file on the tape is a data file which 
contains: 


a) A one-time descriptor for each file on the tape 
b) A bill of materials (to verify that the complete package has been received), and 
c) Anerrata list of problems and known solutions for the software version on that tape. 


Each file on the tape is terminated by an EOF mark except for the last file which is terminated with a double EOF to indicate 
end-of-logical tape. 


Included in the shipping package is a User Manual for each of the three programs and an Jnstallation Manual covering each of 
the three programs (4 manuals, total). 


e OPERATING ENVIRONMENT 


The programs are written to conform to ANSI STANDARD X3.0 (1966) 16-BIT FORTRAN and are designed to execute on 
any minicomputer with the following minimum characteristics. 


1) ANSI STANDARD X3.0 (1966) 16-BIT FORTRAN COMPILER 
2) Two’s complement arithmetic 

3) Disc capacity for up to 7 simultaneously active sequential files. 
4) A20K-word user program-memory partition. 


To date, the package has been extensively tested on the TI 990/10 under DX10V2.2, DEC PDP11/10 under RSX-11M 
(FIN IV PLUS), and System 370/160 under MVS. 


e 9900 CROSS ASSEMBLER DESCRIPTION 


The SBP/TMS 9900 Assembly Language source is translated by the 9900 Cross Assembler into relocatable linkable SBP/ 
TMS 9900 Object module format. Both the source input and the object output are fully compatible with the FS 990 Proto- 
type Development System and TMS time-sharing services (GE TERMINET, NCSS, and TYMSHARE). 


e SBP/TMS 9900 SIMULATOR DESCRIPTION 


The Simulator is patterned after and affords extensions to the SBP/TMS 9900 Simulator on GE TERMINET, NCSS and 
TYMSHARE. Object modules generated by the Cross Assembler along with “‘link-control” statements are input to the first 
stage of.the simulator. The output from this stage, an absolute, non-relocatable load module, plus simulation/debug control 
statements to the second stage of simulation. This stage may be operated in “‘batchmode” or interactively (e.g., the simula- 
tion/debug control stream is entered to the Simulator from a Keyboard/Display device). In this second phase of Simulation 
the user’s program logic is verified and the program’s performance characteristics are ascertained. Performance parameteri- 
zation is supported for considerations such as target system clock speed, memory characteristics, and I/O part descriptions. 
Debug features include multiple breakpoints, full instruction trace and snapshots, plus the normal inspect/modify for CPU 
registers. All program references may be made symbolically, using symbols defined in the user’s source program. 


e ROM UTILITY DESCRIPTION 


When the application program has been satisfactorily verified, the object module may be input to the ROM Utility Program 
for translation into a format acceptable for production of a gate placement program (preparatory to mass production). 
Alternatively, the utility may be used to generate a BNPF formatted file which may be input to a PROM Programmer (DATA 
I/O) to produce a PROM version of the program. In all, there are 12 acceptable input formats and 12 output formats in 
support of the TMS 1000 and the SBP/TMS 9900 microprocessors. 
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AMPL ... A COMPLETE MICROPROCESSOR PROTOTYPING LAB 


The AMPL* Microprocessor Prototyping Lab combines the high performance 990 computer with the low-cost flexibility of 
the floppy disk to provide a complete microprocessor prototyping lab. The AMPL lab provides in-circuit emulation support, 
logic-state trace and analysis, read-only memory implementation aids, and SBP 9900A software development support. This 
microprocessor lab provides the user a dedicated design center where 9900-based systems can be developed in an integrated 
software-hardware design and debug sequence. Substantial savings in design cost and design time in each phase of new product 
development is ensured with this system. 


The microprocessor lab is structured around the FS9900 system, a fellow member of TI’s 990 computer family. The 
FS990 system includes the Model 911 Video Display Terminal dual floppy-disk drive and TX990/TXDS system software 
license, all packaged in a self-contained single-bay desk. The Texas Instruments Model 810 Printer option for the FS990 
system provides the user a fast throughput for software listings, trace data, and other hard-copy output requirements. . 


In-Circuit Emulation Support 


The SBP 9900A in-circuit emulation feature includes the SBP 9900A emulator, SBP 9900A buffer, and SBP 9900A target 
connector. This feature allows the SBP 9900A microprocessor-based system design engineer to simulate his target system by 
utilizing the dedicated 4096 words of emulator memory and the SBP 9900A microprocessor emulator. All Functions of the 
proposed system can be simulated except input/output, and benchmark data can be tabulated. : 


SBP 9900A emulation is designed to aid the design engineer through each stage of his prototype implementation. Emulation 
control provided by the FS9900 system allows the design engineer to step through the Sere code, setting breakpoints 
and instruction traces to start/stop tests at desired points within his code. 


Two significant advantages included in the emulation feature are the use of dedicated emulator memory and the ability under 
interactive software control to switch back and forth between target system memory and emulator memory. The dedicated 
4096 16-bit words of emulator memory provides a significant speed advantage over systems which utilize host system memory 
on a cycle-stealing basis. The faster, dedicated emulator is designed so that this dedicated memory can have precedence over 
target system memory so that even after target system memory is implemented, 9900 code changes can be quickly evaluated 
and tested before implementing this change in target system ROM/PROM. 


Logic-State Trace 
The logic-state trace feature adds a dramatic new dimension to the integration and checkout of the target system. 


The FS9900 system trace/emulation features interactive ondine control and analysis to provide fast data reduction and 
programmable emulation control based on the results of this analysis. 


The trace feature can be interconnected with the emulator module or it can utilize the general-purpose Trace Data Probe. 
When interconnected to the emulator, the design engineer can trace 256 events of both address and 16-bit data. The Trace 
Data Probe provides 20 individual logic-line trace probes. 


These probes can be used by the design engineer to trace any TTL logic lines desired in his target system. The sampling rate 
can be controlled by a 10-megahertz internal clock or by an external clock up to 10 megahertz, Of the 20 trace probes, 4 
have a special glitch latch feature and can detect noise pulses down to 10 nanoseconds in width. 


In addition to the 20 trace data probes, 4 general-purpose trace clock qualifier probes are provided to allow the user to pre- 
qualify trace conditions based on logic-state conditions within his target system. By using the interactive programming 
features within the host FS990 system, the design engineer can define procedures and functions to automatically process 
incoming trace data from these events, perform data reduction looking for defined conditions, display or print only the 
desired results, or branch into other emulation/trace procedures. Thus, for example the design engineer can set qualifying 
conditions and start trace and emulation in a continuous cycle while looking for those random troublesome noise glitches. 
Upon detecting a glitch, the trace/emulation cycle can be programmed to pause momentarily, analyze and print conditions, 
and then continue the trace/emulation sequence looking for the next glitch. This feature can mean tremendous savings in 
manpower and design checkout time since the full speed and power of the 990 computer is processing the problem. 
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SBP 9900A-BASED 


TM 990/110M MICROCOMPUTER 


The TM 990/110M is an assembled, tested microcomputer module utilizing as its CPU the powerful, ruggedized, I2L 16-bit 
SBP 9900A microprocessor. With RAM and ROM/EPROM included on board as well as programmable serial and parallel 
I/O, the TM 990/100M is a powerful single-board microcomputer. Since all address, data, and control lines are brought to 
the board connectors, the board can be expanded to use the entire capabilities of the SBP 9900A in larger systems. The 
TM 990/110M is also being reformatted to meet the form factor/ruggedness requirements of the U.S. Navy’s standard elec- 
tronic module (SEM) program. 


Features 
e@ SBP 9900A 16-bit CPU 
° 1024 words of 4045 Static RAM 
e 1K words of 2708 EPROM, expandable to 4K words using 2716 EPROMs 
° SBP 9960/SBP 9961 programmable system interface 
e TMS 9902 asynchronous communications éouttoller 
e EIA or TTY terminal interface option 
e Fully expandable bus structure 
@ Designed to fit the 990/510 chassis 
° TIBUG operating monitor. 

Operation 


The TM 990/110M microcomputer is a software compatible member of the SBP 9900A/990 family. The SBP 9900A is used 
as a CPU to provide 16 bits of processing power with a minicomputer instruction set which includes multiply and divide. 
The TM 990/110M module is designed for 3-MHz operation, utilizing the full 16 levels of prioritized interrupts and the ad- 
vanced memory-to-memory architecture of the SBP 9900A. Additionally, the bus structures are set up to take advantage of 
the full 64K-byte memory-addressing capability of the SBP 9900A and the nonmultiplexed memory, I/O and interrupt buses. 


Memory 


The on-board memory includes both an EPROM/ROM section and a static RAM section. Four sockets are available for 
TMS 2708, TMS 2716 EPROM or TMS 4700, TMS 4732 ROM operation. Using the available jumper option, all four sockets 
can be populated with TMS 2716’s; providing a maximum on-board EPROM capability of 4K words. The static RAM area 
consists of 1024 words of memory. Four TMS 4045’s are included. The cycle time of this memory is 0.667 microseconds. 
The minimum area of EPROM/RAM area may not be used for off-board expansion. DMA control lines are also accessible on 
the bus. 


Interrupts and Timers 


Fifteen maskable interrupts plus the reset and load trap vectors are implemented. The SBP 9961 handles all 15 external inter- 
rupts which can be generated from either the bus connector or the SBP 9961 I/O bus. The SBP 9961 enables each level to be 
individually maskable under program control. Additionally, level 3 can be programmed to use the interval timer in the SBP 
9961. Level 4 can be generated from the TMS 9902 as an interval timer or for three other serial interface conditions (see the 
TMS 9902 Data Manual). Two programmable timers, therefore, are available on board. 
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1/o 


The serial I/O and the parallel I/O are handled over the dedicated I/O bus of the SBP 9900A, the communications register 
unit (CRU). The TMS 9902 acts as the controller for this asynchronous serial interface. The character length, baud rate (75 
to 38,400), and parity and stop bits are programmable. Three optional types of interface are supported: 


e EIA 
e 20 mA neutral current loop TTY 
e Private wire differential line driver/receiver. 


The TM 990/110M board is delivered complete with a 25-pin RS-232 type female connector, and is jumper selectable to 
support EIA or TTY operation. The differential line driver is normally unpopulated (see Options). Also, the TMS 9903 
synchronous communications controller can be utilized since the TMS 9902/9903 are socket compatible. 


The parallel I/O is handled by the SBP 9900/SBP 9961 pair; 16 parallel lines are all interfaced to the top edge connector 
which as 40 pins on 0.100 inch centers. Additionally, eight parallel lines are interfaced to the bus connectors. All I/O lines are 
equipped with pullup resistors. 


TIBUG 


The TIBUG monitor TM 990/401-1 is normally supplied preprogrammed in the populated TMS 2708 EPROMs (see 
Options). Its operation is described in the User’s Manual or the TM 990 Series literature. 
Options 


The TM 990/110M-1 board is equipped with two TMS 2708’s preprogrammed with the TIBUG monitor, and the serial I/O 
is jumper selectable as EIA port or a TTY interface. The TM 990/110M-2 board is populated with two blank EPROMs, and 
a private wire differential line driver interface is populated instead of the TTY interface. Other software or accessories, such 
as the line by line assembler and the microterminal, may be ordered under separate part numbers. 
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Figure F-1. TM 990/110 FUNCTIONAL DIAGRAM 





Specifications 
CPU: SBP 9900A 


Instruction Set — 69 instructions 
8,16, or 32-bit operation 
3 MHz System Clock 


Interrupts: 16 levels — 15 may be external 


Interval Timers: Two (in SBP 9961 and TMS 9902) 


Maximum 
Resolution Interval 
SBP 9961 21.3 usec 349 msec 
TMS 9902 64 psec 16.32 msec 
Memory: 16-bit word configuration 
On-board EPROM/ROM, 1K words, expandable to 4K 
On-board RAM, 1024 words 
Off-board expansion to full 32K words 
1/O 
Parallel: 16 lines (expandable to 4K total I/O using CPU) 
Serial: Asynchronous Controller TMS 9902 
5—8 bit character 
Programmable data rate, stop bits, parity 
Baud Rates (bps): 75 2400 
110 4800 
150 9600 
300 19,200 
600 38,400 
1200 
Interfaces 
Bus: Data and Address Three-state TTL compatible buffered output 


Control 
Parallel I/O and Interrupts: 
Serial I/O: 
Software 
TIBUG monitor self-contained in EPROM 
Mating Connectors 


Bus 100 pin, 0.125 in. 


Parallel I/O 40 pin, 0.100 in. 
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TTL compatible 
TTL compatible 
RS-232, 20 mA current loop or differential line driver 


TI H321150 (wire wrap) 
TI H322150 (solder tail) 
TI -H311120 (wire wrap) 
3M 3464-0001 (no ears) 





FIBER-OPTIC 
COMPONENTS 


TTL TYPES SN74LS462, SN74LS463 
FIBER-OPTIC DATA-LINK CONTROLLERS 


AUGUST 1979 









Inexpensive, Reliable Alternative to Conventional Copper-Wire Systems 
e Single 5-Volt Supply 

e Inputs and Outputs Compatible with TTL and Low-Level MOS 

e Data Rate of 1 Megabit/Second 

e Byte-Oriented Expansion Capability for 16-Bit Applications 

e Interfaces With a Wide Range of Optical-Link Components 

e@ Space-Saving 20-Pin 300-Mil Package 


SN74LS462 
JOR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


SN74LS462 TRANSMITTER patastart[1] |) [2Vec 
e Drive Current Up To 200 mA 


e Three Operational Modes: 
Continuous Data Stream 
DC Sync (8-Bit or 16-Bit Bursts) 
AC Sync (8-Bit or 16-Bit Bursts) 


e Automatic Start-Up 





SN74LS463 
JORN DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


SN74LS463 RECEIVER 
Input Sensitivity of 1 uA 


Error Indication 
3-State Parallel Data Outputs 


Isolated Comparator Ground For Improved 
Common-Mode Noise Rejection 





description 


The SN74LS462 transmitter and SN74LS463 receiver are designed for use in optical-wave data-transmission systems. 
Fabricated with oxide-isolated Integrated Injection Logic (I2L) and low-power Schottky? TTL technology, these devices 
are operated from a single 5-volt dc power source and are completely TTL-compatible on all inputs and outputs. The 
SN74LS462/SN74LS463 transmitter/receiver pair are designed to provide the appropriate encoding, synchronizing, 
and decoding logic necessary control the transmission of digital data through a wide variety of serial fiber-optic data- 
link assemblies. 





Copyright © 1979 by Texas Instruments |ncorporated 


879 t . : 
Integrated Schottky-Barrier diode- 
TEXAS INSTRUMENTS clamped transistor is patented by 4.3 
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Number 3,463,975. 
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TYPES SN74LS462, SN74LS463 
FIBER-OPTIC DATA-LINK CONTROLLERS 





description (continued) 


The basic fiber-optic data link shown in Figure 1 consists of five stages; encoding logic, which converts parallel data 
to be transmitted into a modulated serial data stream; a transducer (source) to convert the electrical serial data stream 
into optical logic levels (LED on or off); an optical waveguide (fiber) for transmission of the optical data stream; 
a transducer (detector), which converts the optical levels back into electrical logic levels; and lastly, decoding logic to 
convert the modulated serial data stream back into parallel output data. 


source | OPTICAL sereeron| DECODER 


WAVEGUIDE 


ENCODER 


PARALLEL 
INPUT OUTPUT 
DATA DATA 


| | 

l | l 

| | l 

| | l 

| | | PARALLEL 
| | | 

| | 

| | I 

| | 


FIGURE 1 — TYPICAL SIMPLEX FIBER-OPTIC DATA LINK 


The functions of encoding and decoding are efficiently provided by the SN74LS462 transmitter and SN74LS463 
receiver, respectively, by incorporating all of the necessary logic in space-saving, 20-pin, 300-mil packaging. Trans- 
ducer functions and transmission fibers can be selected from a wide variety of plastic, glass, or silica assemblies now 
available including Texas Instruments TXE series of low-cost, all plastic, source, detector, and fiber-cable assemblies. 


The SN74LS462 transmitter accepts eight-bit parallel data inputs, encodes this data into frequency-shift coding (FSC), 
and transmits this information in the user-selected operating mode out of the serial output. (For an explanation of 
frequency-shift coding, see the ‘Operation’ section of this data sheet). The serial output is capable of driving directly 
an infrared-emitting diode (IRED), which is coupled through a fiber-optic cable to a PIN detector diode. The SN74LS463 
receiver then accepts very low-level currents from the PIN detector into an internal transimpedance amplifier, which 
amplifies this signal to the level required by the logic. The receiver then decodes the serial data stream and reconstructs 
the eight bits of parallel data originally transmitted. The parallel data word may be expanded to 16-bits through the 
addition of four standard low-power Schottky components interfaced to the transmitter’s and receiver’s expand pins. 
Both transmitter and receiver require either a crystal or TTL-level clock connected to the ¢ input. 


More detailed information on the functions of these controllers is included elsewhere in this data sheet in the section 
entitled “Operation”. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT SO OUTPUT OF ‘LS462 E1 OUTPUT OF ‘LS463 ALL OTHER OUTPUTS 


Vec Vec 


Vec 
20 k2 NOM 


OUTPUT 
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TYPES SN74LS462, SN74LS463 
FIBER-OPTIC DATA-LINK CONTROLLERS 








SN74LS462 

PIN SIGNATURE FUNCTION 

1 DS Data start input loads data into the buffer register on the low-to-high- 
level transition provided that the data acknowledge output is high. 

2 D7 

3 D6 

4 D5 

5 D4 
Parallel data inputs. 

6 D3 

7 D2 

8 D1 

9 DO 

10 GND Ground, 

11 SO . Serial output provides a signal capable of driving an infrared-emitting 
diode (200 mA maximum). SO is connected to the cathode of the diode, 
and the anode is connected to five volts through a 33-ohm resistor, 

12 E2 Expand-2 input accepts inverted data from an external eight-bit shift 
register for 16-bit operation. 

13 AC AC sync input, which, if mode input is high, selects the AC mode of 
operation when high and the DC mode when low. 

14. MODE Mode input when high allows the AC input to select either AC sync 
mode or DC sync mode. When low (and AC is low), it selects the con- 
tinuous mode of operation. 

15 0) Clock input for crystal or TTL clock. (Clock frequency = 8X data rate). 

. 16 CKO Clock output provides clock frequency to the receiver at the same loca- 
tion when bidirectional operation is required. 

17 E1 Expand-1 output shifts data out of the external shift register for 16- 
bit operation. For eight-bit operation this is an input and it must be 
high. 

18 EO Expand-0 output loads external seria! shift register for 16-bit operation, 

19 DA Data-acknowledge output provides a signal that, when high, indicates 
that the buffer register is ready to accept data. It goes low approximately 
250 ns after a low-to-high-level transition of data start thereby acknow- 
ledging the input of data, 

20 Vcc +5V Supply. 
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SN74LS463 


PIN SIGNATURE FUNCTION 
1 EO Expand-0 output supplies serial data to an external shift register for 
16-bit operation. 


2 E1 Expand-1 output supplies a clock signal to an external serial shift 
register for 16-bit operation. For eight-bit operation this is an input and 
should be shorted to Vcc. 


3 E2 Expand-2 output provides a signa! to load data from the external serial 
register to the external parallel-output buffer register for 16-bit 
operation. 

4 cH) Clock input for crystal or TTL clock. (Clock frequency = 8X data rate). 

5 AV Data-available' output goes high when a demodulated word is trans- 


ferred from the serial shift register to the parallel-output buffer register. | 
This output is self-clearing: it goes inactive (low) typically 800 nano- 
seconds after going high. 


6 EF Error-flag output goes high if a data bit times out during the trans- 
mission of 8 or 16 bits of data; that is, if an FSC transition has not 
occurred in 10 clock periods. It will then remain high (and AV will be 
inhibited [low]) until 8 bits (or 16 bits for 16-bit operation) have 
been received without a time-out error occurring on any bit. 


7 GND2 Comparator ground. 

8 NONINV Noninverting comparator input from the infrared-detecting diode. 
9 INV Inverting comparator input from the infrared-detecting diode. 

10 GND1 Digital ground. 

11 OE Output enable input, which, when low, enables the buffer register out- 


puts and when high, forces the buffer register outputs into the high- 
impedance state. 


12 DO 
13 D1 
14 D2 
15 D3 
Buffer register data outputs. 
16 D4 
17 D5 
18 D6 
19 D7 
20 Vcc +5 V Supply. 
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TYPES SN74LS462, SN74LS463 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (seeNote 1) 6. ee ee ee ee ee ee es 7V 
Input voltage, any logic input 2... ee ee et ns hie Si lta tac dat Va BavEe BASE ore eatin Ne 7V 
Off-state output voltage, SN74LS463 data outputs 2.2... ee ee eee eee eee 5.5V 
Operating free-air temperature range 6. ee ee te ee ee ee 0°C to 70°C 
Storage temperature range 6 ow te ee eee eee ee te eee teeta —65°C to 150°C 


NOTE 1: Voltage values are with respect to the network ground terminal, 


recommended operating conditions 








SN74LS462 SN74LS463 
| MIN NOM MAX| MIN NOM MAX 


Supply voltage, Vcc 4.7 5.25| 4.75 5 5.25 
Off-state output voltage, SN74LS463 data outputs 


High-level output voltage, SO output 


5 5 : 
High-level output current, IOH 
0 70 


. 


SO output 
Low-level output current, lo_ E1 output 


other outputs 






~ 





0 


electrical characteristics over recommended operating free-air temperature (unless otherwise noted) 


Operating free-air temperature, Ta 

























SN74LS462 SN74LS463 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP* MAX] MIN TYP* MAX 
Vi___Lowevellogic mputvohage [SS SSSSCSC~C~S~SSCSSSSSC~C~C~‘“~s CSC BY 
Vik __Input clamp voltage Vegan, y==temA PSC TCS 
Com tor i t threshold 
xo i | i | ee : isa a eae 
voltage 
High-level! output voltage Veco =MIN, Vin =2V, 
Vou" P i ce 1H 2.4 2.4 Vv 
(any output except SO) Vit = 0.8 V, 19H =0.4mA 
ldo OS ol 
Low-level 
VoL 035 0. 035 O5] V 
output voltage 
os | 035 05 | 





High-level output current, 
(SO output) 


3 


10H 





Off-state output current, 






> 


!92ZH high-level voltage applied 
(DO-D7 outputs) 


Off-state output current, 
loZL = low-level voltage applied 
(DO-D7 outputs) 


3 


Input current at maximum 
ty ; Vcc = MAX, Vy, =5.5V 
input voltage 
NH High-level input current Vcc = MAX, Vyp=2.4V 
Ne Low-level input current Vcc = MAX, V,=04V 
los Short-circuit output current Vcc = MAX 
lec Supply current Vcc = MAX 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
Fan typical values are at Voc =5 V, Ta = 25°C. 


5 
0.35 5 0.35 0.5 
0 


N 
=r 
> 


3 


—20 —100 mA 


3 


WH) 
Ez =z 
> > > > > 





—20 —100 





SNot more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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timing requirements over recommended ranges of TA and Vcc 


Sa NOK AAR SN74LS463 
PARAMETER Tmin Nom max | UNIT 


ig) Cloke tn ST 
igh _ClGEK Tal te ead 


twig) Clock pulse width [aos = 2 rae 
tgy__ Setup tine, data in before data star ie eas a Tal 
th Hold time, data in after data start a a 


switching characteristics over recommended ranges of TA and Vcc 


PARAMETER TEST CONDITIONS UNIT 
| __ranameren | resteowormions Tanase wa [TPP MA 
Delay time, data start high to 
Delay time, output enable to 
Delay time, data in to data 
Delay time, invalid data to 


Delay time, clock (¢) input to 
‘d clock output 


tw Pulse width, data available high 


* All typical values are at Vee =5V,TA=25°C. 


PARAMETER MEASUREMENT INFORMATION 


Vcc 
OUTPUT ‘ i , 
UNDER TEST COTEME 
UNDER TEST 
7 CL = 50 pF . 


C,, includes probe and jig capacitance C,_ includes probe and jig capacitance 































See Figures 2 and 3 








SN74LS462 LOAD CIRCUIT SN74LS463 LOAD CIRCUIT 


FIGURE 2 — LOAD CIRCUITS 
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— wy = Gee Ge eee CED GED GED cEnE® GES GED aes ame ame VOH 






SERIAL 
OUT 


SN74LS462 VOLTAGE WAVEFORMS 


OUTPUT 
ENABLE 


DATA 
OUT 





DATA Visv 


INVALID BIT 
INPUT VALID DATA B 


DATA 
AVAILABLE 


ERROR 
FLAG 





SN74LS463 VOLTAGE WAVEFORMS 


FIGURE 3 — SWITCHING CHARACTERISTICS 
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serial data coding and synchronization 


frequency-shift coded (FSC) data 


Frequency-shift coding, or FSC, is a term for a data transmission code in which each bit period begins with a transition. 
A space (‘0’) has no transition during the bit period, however, a mark (‘1‘) has one transition during the bit period (See 
Figure 4). FSC formatting provides the advantage that it is self-clocking and therefore precludes the necessity of trans- 
mitting a clock signal to the receiving end to define the point in time in which data is valid. The SN74LS462 transmitter 
and SN74LS463 receiver incorporate FSC data to provide a data rate of one megabit per second. 


FIGURE 4—FSC SERIAL DATA 


continuous-data-stream mode 


Continuous-data-stream mode refers to a mode of serial data transmission in which the word boundaries between con- 
secutive transmissions are not defined by any type of synchronization periods. (See Figure 5A). That is, the next conse- 
cutive word is transmitted immediately following the previous word. When no further data is to be transmitted, the 
seria! data line goes to a logic high (LED off) state until a new word is to be transmitted. Continuous data stream offers 
the advantage of a higher data rate than synchronized transmission schemes. 


de-synchronization mode 


In the dc-synchronization mode, word boundaries are separated by two bit times at a high logic level (LED off). When 
no data is to succeed the previous transmission, the serial data line goes to a logic high state until a new word is to be 
transmitted (See Figure 5B). When new data is to be transmitted after an extended (greater than two bit times) idle 
period, the current synchronization period will be completed prior to transmission. (i.e., idle periods are always a mul- 
tiple of two bit time sync periods). Dc synchronization offers the advantage over continuous data stream in that word 
boundaries are defined by the synchronization period. 


ac-synchronization mode 


Ac synchronization refers to a three-bit time synchronization period wherein the signal is low for one half of the syn- 
chronization period (one and a half bit times) and is high for the other half of the synchronization period. The initial 
state of the synchronization period is dependent upon the status of the serial data line when the synchronization period 
is entered, !f the serial line is low, the first half of the synchronization period is high and the second half is low. Like- 
wise, if the serial line is high, the first half of the synchronization period is low and the second half is high. When no 
further data is to succeed the previous transmission, the alternating synchronization period is repeated until the next 
word is to be transmitted. The current synchronization period will be completed prior to data transmission. (See 
Figure 5C). Ac synchronization provides the advantage that the receiving end remains in constant synchronization 
with the transmitting end, even during extended idle periods. 
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folil2i[a3f4alslel7loli1l[2/}[3lalslel7| 


WORD 1 WORD 2 IDLE 
(A) CONTINUOUS BIT STREAM 


0 1 14 0 0 01 1 1 00% 14 14 0 1 = 
lolil[2|[3la/slel7| lolil2i3aslalslel7] 
WORD 1 IDLE WORD 2 IDLE 


(2 BIT TIMES MIN) 
(B) DC SYNCHRONIZATION 





0 1 1 0 0 0 1 1 1 0 0 1 1 1 O 1 
lolil2]{,3]4]sle6|7| (cor) eho) a) apse ela] 
WORD 1 IBre WORD 2 IDLE 


(3 BIT TIMES MIN) 
(C) AC SYNCHRONIZATION 


FIGURE 5 — SN74LS462 TRANSMITTER MODES OF OPERATION 


SN74LS462 transmitter functional description 
SN74LS462 operational description 


When power is first applied to the transmitter, power-up circuitry causes the data acknowledge (DA) output to go active 
(high) indicating that the buffer register is empty and ready to accept data. (See Figure 6). Parallel loading of the data 
present on the DO-D7 input pins is accomplished by taking the data start (DS) input high when the data acknowledge is 
high. Loading will then occur on the rising edge of data start. The parallel data loaded into the buffer register appears at 
the inputs of the shift register. Approximately 250 nanoseconds after the rising edge of data start, data acknowledge 
(DA) goes inactive (low). Simultaneously, control logic sends out a pulse to the shift register, and the shift register 
loads the data from the buffer register, After this operation is complete, data acknowledge once again goes active (high) 
to indicate that the buffer register is ready to accept new data. The new data now present on the DO-D7 data lines will 
be entered into the buffer register upon the occurance of the next low-to-high transition of data start. The shift register 
begins shifting data, one bit at a time, into the modulator where it is encoded into FSC format and output on the serial 
output (SO) pin. After the eighth bit has been transmitted, further operation depends upon the mode of operation 
selected by the MODE and ac-sync (AC) inputs. (See Table 1). If the continuous-data-stream mode is selected, the next 
eight bits are loaded into the shift register from the buffer register and shifting of the data continues without interrup- 
tion. In the de-sync mode, the two-bit synchronization period will be inserted between consecutive transmissions. In the 
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ac-sync mode, the three-bit synchronization period will be inserted between consecutive transmissions. (See ac- 
synchronization mode.) In all modes, the output of the modulator is amplified so that the serial output (SO) is capable 
of directly driving an external infrared-emitting diode (source). , 


In all modes, if the buffer and shift registers are empty, data acknowledge will be high and the transmitter will enter the 
wait mode. In the wait mode, if dc-sync or continuous (bit stream) operation is selected, the SO output will remain 
high (transmit diode off). In the ac-sync mode, the SO output will repeat the three-bit synchronization period. 
The wait mode is ended by the rising edge of a data start pulse. When exiting an extended wait period, the transmitter 
will complete the current synchronization period (two bit times for dc-sync, three bit times for ac-sync) prior to begin- 
ning serial output from SO. 


The transmitter has a clock input (¢) for connection of crystal or TTL-leve! clock. The bit time is defined as eight 
cycles of the clock input so that for one-megabit-per-second operation, the clock (¢) frequency must be 8 megahertz. 
The clock output (CKO) may be used to source the SN74LS463 receiver clock input when full-duplex (bidirectional) 
systems are configured. The two expander outputs, EO and E1, and the expander input E2 are used to control external 
devices when the transmitter is configured for 16-bit operation (see Figure 7). However, for 8-bit operation E1 must 
be tied directly to Vcc (+5 volts). | 


FUNCTION TABLE 


INPUTS 


MODE SYNC SELECTED 
(PIN 14) 


L Continuous (no sync) 


L Undefined 
H DC sync 
H AC sync 





H = high level, L = low Jevel 


TABLE 1 — MODE-SELECT FUNCTION TABLE 


CLOCK CLOCK DATA AC 
INPUT OUTPUT START SYNC 
@ cKO DS AC MODE 


(14) 









+8 
AND 


















CONTROL 19) DATA 
D7 LOGIC ACKNOWLEDGE 
D6 DA 
DS 
PARALLEL |), BUFFER SERIAL 
DATAC 13 REGISTER REGISTER 
INPUTS ] 15 
D1 
po (9) 
SERIAL 
(11) DATA 
OUTPUT 
so 
E2 E1 E0 
EXPANDER 
PINS 


FIGURE 6—SN74LS462 FUNCTIONAL BLOCK DIAGRAM 
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SN74LS462 transmitter 16-bit expansion 


Sixteen-bit expansion of the transmitter is effected through connection of an SN74LS377 octal D-type flip-flop and 
an SN74LS165 octal shift register to the expander pins of the transmitter (EO, E1, and E2). (See Figure 7), Addition 
of these two standard low-power Schottky devices effectively expands the buffer and shift registers of the transmitter 
to 16 bits, Input E2 is the serial data output of the ‘LS165. Outputs EO and E1 control the shift/load and clock func- 
tions, respectively, of the ‘LS165. Note that the data start (DS) input is also used to clock data into the ‘LS377 external 
buffer register. Operation in 16-bit mode is identical to 8-bit operation except that the transmitted word length is now 
16-bits long. 


source interface to SN74LS462 transmitter 


The serial output (SO) of the transmitter utilizes extremely large output buffer circuitry to provide 200 milliamperes 
of low-level sink current. This allows the SN74LS462 transmitter to be interfaced to a wide variety of infrared emitting 
diode (IRED) source assemblies. 


The source assembly is connected in the manner illustrated in Figure 8. Note that for a forward diode current of 
100 milliamperes, resistor R is shown to be 32 ohms. 


LOAD DATA 





VcC—o 
GND_, R 
+5 V 
z 
= 33 
kK 
< 
a 2 OTPIC FIBER 
Tg 
IRED SOURCE 


DATA IN 





+5V 







R =322 


OPTIC FIBER 
ha, 





SOURCE 
ASSEMBLY 


FIGURE 8 — SOURCE ASSEMBLY 
CONNECTION TO SN74LS462 


FIGURE 7 — SN74LS462 16-BIT 
CONFIGURATION 
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SN74LS463 receiver functional description 


SN74LS463 operation description 


The SN74LS463 receiver receives very-low-level currents generated by the external photodiode detector, amplifies this 
signal, and decodes it into eight (or optionally 16) parallel data outputs. A block diagram of the SN74LS463 is shown 
in Figure 9. 


The SN74LS463 has amplifier/comparator inputs, NONINV and INV, which receive the signal from the photodetector. 
The clock input (¢) provides the synchronization for the circuit. The error flag (EF) output indicates a long-bit error has 
occurred during the transmission of the eight (or 16) bits of data. The data available output (AV) indicates when the 
data is available at the output buffer register (DO-D7). The AV output will remain active (high) until the occurrence 
of an appropriate edge is received by the receiver. For the ac-sync mode, AV will clear typically 800 nanoseconds 
after it becomes active. For the continuous and dce-sync modes, the time at which AV is cleared inactive (low) is de- 
pendent upon the state of the input when the last bit of a bit stream is received. If the bit stream is concluded with a 
high logic level, the next input transition that clears AV will not occur until the first transition of the first bit of the 
next eight (or 16) bits to be received. However, if the bit stream is concluded with a low logic level, AV will be cleared 
when the transition to the high logic level of idle is entered. Because the actual point when AV becomes inactive 
(low) is dependent upon the subsequent data transmitted system designers are urged to utilize the rising edge of AV 
to set flags, control logic, etc. in their systems. The output enable (OE) input either enables the eight parallel three- 
state outputs or forces them into the high-impedance state. The expander outputs, EO, E1, and E2, are used to ex- 
pand receiver operation to 16 bits. For eight-bit operation, E1 must be connected to Vcc. 


The first stage of the SN74LS463 is a low-noise front-end amplifier optimized for use with a PIN detector diode. When 
the photodiode detects the infrared signal transmitted through the fiber-optic cable, it produces an output current pro- 
portional to the received infrared intensity. This current is converted to a voltage by the comparator transimpedance 
amplifier and amplified to the levels required for internal logic. The FSC information synchronizes with the timer- 
counter logic in the demodulator where it is demodulated into non-return-to-zero (NRZ) format and fed to a serial 
shift register. The internal shift register accepts eight-bit serial data and transfers it in parallel to the buffer register. 
The data outputs from the buffer register are controlled by the output enable (OE) input; a low at this input enables 
the outputs, a high forces the outputs to the high-impedance state. If 16-bit operation is selected, serial data will shift 
out through output EO to the serial input of an external shift register and data from the external shift register is loaded 


OSCILLATOR 


CONTROL 
LOGIC 


CLOCK 









ERROR FLAG 
(EF) 


DATA AVAILABLE 
(AV) 


INVERTING 


INPUT - 


NON.INVERTING (g) 
INPUT 


PARALLEL DS 
SERIAL BUFFER D4 DATA 
REGISTER REGISTER Da OUTPUTS 






FIGURE 9 — SN74LS463 FUNCTIONAL BLOCK DIAGRAM 
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into an external buffer register with a pulse from output E2. A clock signal is supplied to the external shift register 
through output E1, but for eight-bit operation E1 acts as an input and must be tied to Vcc. 


The receiver counts eight clock pulses for each data bit. If an FSC transition has not occurred within ten clock periods, 
the bit will time-out. If less than eight bits (or 16 bits for 16-bit operation) have been received when a time-out error 
occurs, data available will be inhibited (low) and error flag will go high until eight bits (or 16 bits for 16-bit operation) 
have been received without a time-out error occurring on any bit. After eight bits (or 16 bits for 16-bit operation) have 
been received without a time-out error, error flag will go low and data available will operate normally. At the end of 
each eight bits (or 16 bits), a two-bit or longer synchronization pulse (idle period) may occur. This will be recognized as 
such by the internal circuitry, and error flag will remain low. 1f synchronization pulses do not occur after eight bits 
(or 16 bits for 16-bit operation), the continuous bit-stream mode will be assumed. 


SN74LS463 receiver 16-bit expansion 


Sixteen-bit expansion of the receiver is effected through connection of an SN74LS164 8-bit serial shift register and an 
SN74LS374 octal D-type flip-flop to the expander pins of the receiver (EO, E1, and &2). Figure 10 illustrates the 
connection of these devices to the receiver. 


detector interface to the SN74LS463 receiver 


The detector assembly is connected to the receiver in the manner illustrated in Figure 11. The PIN detector diode is 
connected to the NONINV comparator input, and the second diode is a compensating diode connected to the INV 
comparator input to offset the effects of temperature on the PIN diode characteristics and to establish a PIN “dark” 
low-level current level. 





+5V 


















i 
> 
(o) 
<x 
= 
< 
OPTIC FIBER (——4 a 
——) “~ 
~A A | COMPENSATION DIODE 
7 Lt Oo— Vcc +5V 
PIN o o—GND 
DETECTOR hee 
SN74LS463 
RECEIVER 
INV 
DETECTOR NONINV 
08 DETECTOR ASSEMBLY 
09 
D10 = 
011 Fa} 
p12 S 
a ° FIGURE 11 — DETECTOR ASSEMBLY 
ae CONNECTION TO SN74LS462 
FIGURE 10 — SN74LS463 16-BIT CONFIGURATION 
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LOAD DATA Vec 
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po 45V 












































VCC > 
GND-0#-0 dep [ 
a nee R 
Vcc +5 V EB 
332 © 
T] OPTIC FIBER = - 
ol ors : 
’ D1 
y FZ -— | NONINV 
= INV. DO 
IRED SOURCE PIN GND1_ 0B 
DETECTOR Bie 
- = XTAL f= 10 MHz : = XTALE = +5% 10MHz KO Onin 
TRANSMITTER ag 
'LS462 : “S RECEIVER 
‘LS463 
FIGURE 12 — WIRING DIAGRAM 8-BIT AC SYNC MODE 
LOAD DATA 
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ae | Be a +5V 
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| +5V \@)a 
aoe DS | 
GNDO* 
— DIS =A 
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ee ree | 5 
= _ DI2 CKO 33.2 : 
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3 ee ae | ¥7 Rwy - 
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FIGURE 13 — WIRING DIAGRAM 16-BIT AC SYNC MODE 
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PROM NUMBERING SYSTEM AND ORDERING INSTRUCTIONS 


To complement Texas Instruments continually expanding line of bipolar PROMs, a new numbering system is being imple- 
mented. This system provides the user with information regarding the generic programming family, bit density, organization, 
temperature range, and the size and type of package without the necessity of looking up this information in tables. Below is 
a guide for use of this new numbering system. 


Factory orders for PROMs described in this book should include a type number as explained in the following example. 


These two digits 
comprise the 
series designation 


TBP 2 8 SA 4 1 M J 


Package Type 








TBP = standard prefix J =ceramic dual-in-ine 
MBP = MACH IV 
SNM processing 


CBP = MiL-STD-883B 


N =plastic dual-in-line 
W =ceramic eae Military product 


FC =chip carrier versions only 


: Military 
vendor-equivalent 
. Product 
SNC processing - ad i 
Versions 


JBP =JEDEC standard 


Temperature Range 
MIL-STD-883B 


No designator 0°C to 70°C 
SNJ processing E —40°C to 85°C 
M —55°C to 125°C 


t See TI publication CB233A for detailed ex- 


planation and processing flow diagrams. Package Sizet 


Row Spacing in 






Inches (Millimeters) 








Generic Programming Family No.of | 0.300 0.400 0.600 
Pins (7,62) (10,16) (15,24) 
Output Word Width 16 
18 
20 
Output Type oa 
§ = standard three-state 
L = low-power three-state oo 
P = power-down three-state Bit Complexity 40 
R = registered three-state 03 = 256 bits 
D = power-down and registered 1 = 1,024 bits ; 
three-state 2 = 2,048 bits + Package-size designation is not applicable with 
T = latched three-state 4 =4,096 bits ceramic flat-pack (W) and chip carrier (FC), 
SA = standard open-collector 8 =8,192 bits and should be replaced with the letter X for 
PA =  power-down open-collector 16 = 16,384 bits Sipe packaue types: 
RA = registered open-collector 32 =32,768 bits 
DA =  power-down and registered 


open-collector 
TA = latched open-collector 


USER-PROGRAMMABLE READ-ONLY MEMORY (PROM) LINE SUMMARIES 
STANDARD PROMS 


TYPICAL PERFORMANCE 
NEW OLD OUTPUT BIT SIZE 


ADDRESS POWER 
TYPE NUMBER TYPE NUMBER typet (ORGANIZATION) : 


ACCESS TIME 

| __TePissao3o_ | _—sosn74si8a_— | OO 256 Bits 
| tepissoso_—s{|_—ssn7aszeg_— | OV | (32. X 8B) 
[“rerrasio [| sn7asze7__ | 
| Tepiasaio —|_—ssn7as3e7_— | 1024 Bits 
| tepzgsio =| CT CU X48) 
| tep2gsaio, | CT CC 
| tepiasaz2 | sn74s470_— | 2048 Bits 
|__teriesz2 | sn7asa7i_— | VV (256W x 88) 

TeP18S42 | sn7asa72_— | OV 

TBP18SA42 


TBP18S46 SN74S474 


TBP18SA46 SN74S475 


TBP28S42 


TBP28S45 eee see 


TBP24S41 SN74S8476 


TBP24SA41 SN74S477 
TBP24S81 SN74S454 


4096 Bits 
(512W X 8B) 


4096 Bits 
(1024W X 4B) 


8192 Bits 





TBP28S86 SN74S478 
TBP28SA86 SN74S479 
TBP28S2708 SN74S2708 


TBP28S85 


LOW-POWER PROMS 


8192 Bits 
(1024W X 8B) 


16,384 Bits 
(2048W X 8B) 


TBP24SA81 SN74S455 | 2 | ___(204ew x 48) 


NEW OLD OUTPUT BIT SIZE 
TYPE NUMBER TYPE NUMBER TyPet (ORGANIZATION) 


(256W X 8B) 

TBP28L45 eae a (512W X 8B) 
TBP28L86 pause} tains | 
| Vs __s(s024w x 88) 


TBP28L85 


t © = open collector, (7 = three state. 


16,384 Bits 
(2048W X 8B) 
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POWER-DOWN PROMS 
TYPICAL PERFORMANCE 


NEW OLD OUTPUT BIT SIZE 
TYPE NUMBER | TYPE NUMBER TyYpet (ORGANIZATION) deine aes 
ACCESS TIME | DISSIPATION 
TBP28P42 ls See 4096 Bit 
“ 35 ns 550/60 mW 
TBP28P45 (512W X 8B) 


8192 Bits 

TBP28P85 (1024W X 8B) 35 ns 550/60 mw 5-13 
16 384 Bits 

TBP28P166 (2048W X 8B) 35 ns 550/75 mW 


TYPICAL PERFORMANCE 
OUTPUT BIT SIZE 
CLOCK POWER 
TYPE NUMBER TYPE NUMBER Typet (ORGANIZATION) 
TO OUTPUT DISSIPATION 
TBP28R45 pantictae 550 mW 
m 
(512W X 8B) 
8192 Bits 
TBP28R85 20 ns 600 mw 5-13 
(1024W X 8B) 
16,384 Bits 
TBP28R166 550 mW 


(2048W X 8B) 
READ/WRITE MEMORY (RAM) LINE SUMMARY 
ae oe 


(ORGANIZATION) CONFIGURATIONt Pees |e | 
ACCESS TIME DISSIPATION 
a aR AE 
seatomnem —| neve [——@———] =| sem |e 
i a crc rr 
saw xia) [| an [son J 


















































FIRST-IN/FIRST-OUT (FIFO) MEMORY WITH 3-STATE OUTPUTS 
















: BIT SIZE TYPICAL PERFORMANCE 
TYPE NUMBER DATA RATES FA P 
(ORGANIZATION) as ONER 
INPUT OUTPUT THROUGH DISSIPATION 
SN74S225 Paele d-c to 10 MH d-c to 10 MH 400 mW 37 
= oO = | -, 
(16W X 5B) . as : mn ; 


t Q = open collector, V = three state. 
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e Titanium-Tungsten (Ti-W) Fuse Link For Re- e Each PROM Supplied With a High Logic Level 
liable Low-Voltage Full Family Compatible Stored At Each Bit Location 


Programming e Applications Include: 


e Full Decoding And Fast Chip Select Simplify Microprogramming/Firmware Loaders 
System Design Code Converters/Character Generators 

Translators/Emulators  _ 

Address Mapping/Look-Up Tables 


TYPICAL PERFORMANCE 
BIT SIZE OUTPUT 


: ; ; : ADDRESS POWER 
0°C to 70°C 0°C to 70°C (ORGANIZATION) | CONFIGURATIONT 
ACCESS TIME | DISSIPATION 
TBPI JN) 256 Bit a 
8SA030 (J, N) SN74S188 (J, N) 6 Bits gan aut 
TBP18S030 (J, N)4 SN74S288 (J, N) gawxes) | Vi | 
TBP14S10 (J, N)“ SN74S287 (J, N) 1024 Bits a,’ ne 
42 ns 500 mW 
TBP14SA10 (J, N)4 SN74S387 (J, N) (6ewx4B) | OQ | 
TEP J, NYA 70 (J, N 2048 Bit Se ae 
8SA22 (J, N) SN74S470 (J, N) its oe tea 
TBP18S22 (J, N)“ SN748471 (J, N) sewxes) | Vi | 
TBP18S42 (J, N)4 SN748472 (J, N) 4096 Bits as are 
55 ns 600 mW 
TBP18SA42 (J, N)4 SN748473 (J, N) (i2wxes) | =O. | 
TBP18S46 (J, N)“ SN748474 (J, N) 4096 Bits ——X¥— sm | ee 
m 
TBP18SA46 (J, N)4 SN74S475 (J, N) (i2wxee) | OO | 
“For full temperature parts (—55°C to +125°C) use suffix MJ. For devices with MIL-STD 883B processing (—55°C to +125°C) see page 5-2, 
t 2 = open collector, \/ = three state. 


e P-N-P Inputs For Reduced Loading On System 
Buffers/Drivers 











NEW TYPE NUMBER OLD TYPE NUMBER 




























TBP18SA030, TBP18S030 7T8P14S10, TBP14SA10 TBP18SA22, TBP18S22 TBP18S42, TBP18SA22 TBP18S46, TBP18SA46 


256 BITS 1024 BITS 2048 BITS 4096 BITS 4096 BITS 
(32 WORDS BY 8 BITS) (256 WORDS BY 4BITS) (256WORDSBY 8BITS) (512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) 
(TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) 


aig] U favec a7G] U f[elvec 





(15,24-mm} 
Row 


Spacing 





Pin assignments for all of these memories are the same for all packages. 





description 


These monolithic TTL programmable read-only memories (PROMs) feature titanium-tungsten (Ti-W) fuse links with 
each link designed to program in 100 microseconds. The Schottky-clamped versions of these PROMs offer considerable 
flexibility for upgrading existing designs or improving new designs as they feature full Schottky clamping for improved 
performance, low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or open-collector outputs, and 
improved chip-select access times. 


The high-complexity 2048- and 4096-bit PROMs can be used to significantly improve system density for fixed 
memories as all are offered in the 20-pin dual-in-line package having pin-row spacings of 0.300 inch (7,62 mm). 


(SS EE IT A TS EI IT EN TT NT TT 8 I SS IA PT EG GE EEE 
Copyright © 1979 by Texas Instruments Incorporated 


: TEXAS IN STRUMENTS tintegrated Schottky-Barrier diode- 5-7 
clamped transistor is patented by Texas * 
Oe eee Instruments. U.S. Patent Number 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 3,463,975. 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 





description (continued) 
Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure 
specified. All PROMs, except the TBP14S10 and TBP14SA10 are supplied with a low-logic-level output condition stored 
at each bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at 
selected locations. The procedure is irreversible; once altered, the output for that bit location is permanently program- 
med. Outputs that have never been altered may later be programmed to supply the opposite output level. Operation of 
the unit within the recommended operating conditions will not aiter the memory content. . 


A low level at the chip-select input(s) enables each PROM. The opposite level at any chip-select input causes the outputs 
to be off. 


The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can 
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output. 
The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 


schematics of inputs and outputs 


EQUIVALENT OF 
EACH INPUT 


TYPICAL OF ALL TYPICAL OF ALL 
OPEN-COLLECTOR OUTPUTS THREE-STATE OUTPUTS 


Vcc 


OUTPUT 


Programming circuit not shown Programming circuit not shown 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage (see Note 1) et ee eee eee eee eee tenes 7V 
Input voltage ..............4- Bac Gatthe Sales oy nS gs The he Yet aoe essa a wooa tang sabe tigedh ose S way oan el cease Be oe ha aha lta geese 5.5V 
Off-state output voltage. ..........2.-. aaah Sea SRR Sue A Re weld Aes OP te td oc Se acest ca hae ee 5.5V 
Operating free-air temperature range: Full-temperature-range circuits ...........20002008 —55°C to 125°C 

Commercial-temperature-range circuits .......... 00 eeeee 0°C to 70°C 
Storage temperature range «1... ee ee ew ee eee eee eens —65°C to 150°C 


recommended conditions for programming the TBP18S’, TBP18SA’, TBP14S’, and TBP14SA’ PROMs 


SA 
aisles rasan “io—vas_ 1 
rogram pulse : 


Cow ies i | __0 05] 
Peace See load circuit 
Termination of all outputs except the one to be programmed es ee a 
igure 










| Vatage applied to output tobe prosrammed, Voip Gee Nowa) ——SCSCSCS~—CSCSCS~i OO 
[Programming duty eyelefor¥ pus SSCSCSCSCSSCSCSCSdT 
[Freer temperotwe | 


t Absolute maximum ratings. 


NOTES: 1. Voltage values are with respect to network ground terminal, The supply voltage rating does not apply during programming. 
2. The TBP18S030, TBP18SA030, TBP18SA22, TBP18S22, TBP18S42, TBP18SA42, TBP18S46 and TBP18SA46 are supplied with 
all bit locations containing a low logic level, and programming a bit changes the output of the bit to high logic level, The TBP14S10, 
TBP14SA10 are supplied with all bit outputs at a high logic level, and programming a bit changes it to a low logic level. 
3. Programming is guaranteed if the pulse applied as 98 Us in duration. 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 





step-by-step programming procedure for the TBP18SA030, TBP18S030, TBP14S10, TBP14SA10, 
TBP18SA22, TBP18S22, TBP18SA42, TBP18S42, TBP18S46, TBP18SA46 


Apply steady-state supply voltage (Vcc = 5 V) and address the word to be programmed. \ 
Verify that the bit location needs to be programmed. If not, proceed to the next bit. 


If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select 
input(s). 


4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 
3.9 kQ and apply the voltage specified in the table to the output to be programmed. Maximum current into the 
programmer output is.150 mA. 

Step Vcc to 10.5 V nominal. Maximum supply current required during programming is 750 mA. 
Apply a low-logic-level voltage to the chip-select input({s). This should occur between 1 us and 1 ms after Vcc 
has reached its 10.5-V level. See programming sequence of Figure 2. 

7. After the X pulse time is reached, a high Sogic level is applied to the chip-select inputs to disable the outputs. 
Within the range of 1 us to 1 ms after the chip-select input(s) reach a high logic level, Vcc should be stepped 
down to 5 V at which level verification can be accomplished. 


9. The chip-select input(s) may be taken to a low logic level (to permit program verification) 1 us or more after 
VCC reaches its steady-state value of 5 V. 


10. Ata Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program 
a bit. 


11. Verify accurate programming of every word after all words have been programmed using Vcc values of 4.5 and 
5.5 volts. 





NOTE: Only one programming attempt per bit is recommended. 


5V 


ree 2 


LOAD CIRCUIT FOR EACH OUTPUT 
NOT BEING PROGRAMMED OR FOR 
PROGRAM VERIFICATION 


FIGURE 1 — LOAD CIRCUIT 






VERIFY b— Y 3Y TYPICAL —_______. 
NEED TO sl lances aimee PROGRAM 
PROGRAM | REMOVE Vcc TO 


Vcc 


1 us to 1 ms Ht net ose 
5 1H 
oe || ee || eee eee 


VIL 
APPLY REMOVE 
VOl(pr) ‘VO(pr) 





FIGURE 2 — VOLTAGE WAVEFORMS FOR PROGRAMMING 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 





recommended operating conditions 


TBP14S10, TBP18S22 TBP18S030 TBP18S42, TBP18S46 
PARAMETER 
Tin NOM MAX | MIN” _NOW 


Supply voltage, V 
a: oe 
High-level output current, Ioy 


Low-level output current, lo 


Operating free-air temperature, Ta 


PARAMETER TEST CONDITIONST 


Vik Input clamp voltage Vec=MIN, I) =-18mA 


. Vec = MIN, ViH=2V, 
VoH High-level output voltage 
ViIL=90.8V, lon = MAX 
Vcc = MIN, Vip =2V, 
VoL Low-level output voltage ce 1H 
ViL=08V, lot = MAX 
; Off-state output current, Vcc = MAX, ViIH=2V, 
02H high-level voitage applied Vo=24V 
I Off-state output current, Vcc = MAX, Vin =2V, 
O2L jow-tevel voltage applied Vo =0.5V 
Input current at maximum 
Yee : eo _ ; ae : 
input voltage 


A 
Ti, —Lewietinntcuren—| veg =WAK———wyasy [360 | [aa 
log Short-circuit output current 
Veo = WAX: 
het Ssupanscunent Chip select(s) atO0 V, | TBP18S030 


ta(A) (ns) ta(s) (ns) tpxz (ns) 
Access time from Access time from Disable time from 
address Sag select (enable time) thigh or low level 


TBP14S10MJ 
TBP14S10 42. +65 15-35 12 35 
Cl = 30 pF for 
TBP18S030MJ : 
TBP18S030 eee 
or 
TBP18S22MJ ” Enz, 
Ry = 3002, 
TBP18S22 
See Page 1-14 
TBP18S42MJ, TBP18S46MJ] . 
TBP18S42, TBP18S46 


NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N deelanss commercial-temperature-range circuits 
(formerly 74 Family). 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended eperatinig conditions. 
All typical values are at Voc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

# The military product versions of the ‘14S10 in the W package operating at free-air temperatures above 108°C requires a heat sink that pro- 
vides a thermal resistance from case-to-free-air, Rgaca, of not more than 42°c/w. 

NOTE 4: The typical values of I¢¢ are with all outputs low. 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 





recommended operating conditions 


See TBP18SA22 TBP18SA030 we TBP18SA46 


PARAMETER 


Suey. velGoev class ss[ as 5 55] 
pial ase in [anes sae [ane seas [as sea 


High-level output voltage, Voy 
Low-level output current, 1oL meee ees eee 
Operating eosin vemperewure v, Mo | =88 —SC=étb@ ‘| 88 135 | —35 425 | ce 
perating free-air temperature, TA TiN 
JN 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Vin Hishievelinputvorige iP SCSCSCSCCCS 2? Cid VY 
[Yin tower pets 


vA 
Vcc =MIN, Vv 2V, 

VOL Low-level output voltage cc IH™ 
a aa V, se ei 


Voc = MAX, “GV 
Voc = MAX, = = 
















<|[< 









OH High-level output current 





























Chip select(s) atOV, | TBP14SA10 
Outputs open, TBP18SA22 110 155 
See Note 4 TBP18SA42, TBP18SA46 120. 155 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 






lec Supply current 





tPLH 


t 
a(S) Propagation delay time, 


t 
alA) Access time from : 
TEST Access time from ; low-to-high-level out- 
chip select : 
CONDITIONS put from chip select 


(enable time) 
a time) 


TBP18SA030MJ 


TBP18SA030 

Cy =30pF, 
TBP14SA10MJ 

Rit. = 300 Q, 
TBP14SA10 

Ri2=600 2, 
TBP18SA22MJ 

See Page 1-14 
TBPSA22 
TBP18SA42MJ, TBP18SA46MJ 
TBP18SA42, TBP18SA46 





NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
Fa typical values are at Voc = 5 V, Ta = 25°C. 
*The r military product versions of the ‘14SA10 in the W package OREraIING: at free-air temperatures above 108°C requires a heat sink that pro- 
vides a thermal resistance from case-to-free-air, Rgca, of not more than 42° c/w. 
NOTE 4: The typical values of |cc are with all output low. 
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SCHOTTKY* 
PROMS 


SERIES 24 AND 28 


STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 


PROGRAMMABLE READ-ONLY MEMORIES 





e New, Expanded Family of Standard, Low Power, 
Power Down, And Registered PROMs 


© Titanium-Tungsten (Ti-W) Fuse Links for Re- 
liable Low-Voltage Full-Family-Compatible 
Programming 


e@ Full Decoding And Fast Chip Select Simplify 
System Design 


STANDARD PROMS 


NEW TYPE NUMBER | OLD TYPE NUMBER 


TeP2sio NPT 
Tep2asaio (NE [ 















OUTPUT 


SN74S476 (J, N) 
| TBP28SA86 (J,N) | 


TBP28S86 (J, N) SN74S478 (J, N) 


TBP28SA86 (J, N) SN74S479 (J, N) 


TBP28S$2708 (J, N) SN74S2708 (J, N) 
TBP28S85 (J, N)T 


LOW POWER PROMS 


TYPE NUMBER 
















OUTPUT 


TBP28L.42 (J, N)T 


TBP28L45 (J, N)T 


TBP28L85 (J, N)t 


TBP28L166 (J, N)t 





T NOTE — Electrical parameters for these devices are dasign goals only. 








CONFIGURATION# | (ORGANIZATION) 


1024 Bits 
35 ns 20 ns 
(256W X 4B) 
4096 Bits 
20 ns 
(1024W X 4B) 





TBP24SA81 (J, N) SN74S455 (J, N) a Saas 


16,384 Bits 
35 ns 
(2048W X 8B) 


(ORGANIZATION) ACCESS TIMES POWER 
ADDRESS | SELECT {| DISSIPATION 


Fe 
(256W X 8B) 
4096 Bits 
atie | m= | 
siezBits = |_80ns_ | 35 ns 


TBP28L86 (J, N)4 sN74isa78 U.N) | VY | 





BULLETIN NO. DL-S 12728, SEPTEMBER 1979 






e P-N-P Inputs for Reduced Loading On System 
Buffers/Drivers 


e Each PROM Supplied With a High Logic Level 
Stored At Each Bit Location 


e Applications Include: 
Microprogramming/Firm Ware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 





TYPICAL PERFORMANCE - 


ACCESS TIMES POWER 
ADDRESS | SELECT | DISSIPATION 


375 mW 






BIT SIZE 








4096 Bits 


500 mW 
(512W X 8B) 


475 mW 


8192 Bits 


625 mW 
(2048W X 48) 


20 ns 
[abn | Tene 


TYPICAL PERFORMANCE 


8192 Bits 625 mW 


(1024W X 8B) 


550 mW 


500 mW. 







BIT SIZE 








35 ns 300 mW 
30 ns 250 mW 






16,384 Bits 
(2048W X 88) 





4 NOTE — These devices available as full-temperature-range and as high-rel processed devices (use suffix MJ or NJ), 


*© = open collector, \/ = three state. 
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clamped transistor is patented by Texas 
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TBP28P166 (J, N}t 


REGISTERED PROMS 
OUTPUT 


CONFIGURATION? | (ORGANIZATION) 
NEW TYPE NUMBER | OLD TYPE NUMBER 
4096 Bits 
i 550 mw 
8192 Bits 
P N)t 20 ns 20 ns 600 mW 
paginas ee (1024W X 8B) scone | 


t Electrical parameters for these devices are design goals only. 
+ Ve three state. 


SERIES 24 AND 28 . 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 





POWER DOWN PROMS 


TYPE NUMBER OUTPUT 


CONFIGURATION* 
NEW TYPE NUMBER | OLD TYPE NUMBER 


‘| TBP28P42 (J, N)t 
TBP28P45 (J, N)t 


8291 Bits 
: nit 35 35 ns 550/60 mW 






TYPICAL PERFORMANCE 
ACCESS TIMES POWER 
ADDRESS | SELECT | DISSIPATION 


4096 Bits 
35.ns 35 ns 500/60 mW 
(SRW X 8B) 


BIT SIZE 
(ORGANIZATION) 















Te eee: 35 ns 35 ns 500/75 mw 
(2048W X 8B) 


BIT SIZE 





















TYPICAL PERFORMANCE 


CLOCK TO} ADDRESS POWER 
OUTPUT |SET UP TIME | DISSIPATION 







16,384 Bits 
(2048W X 8B) 


550 mw 





description 


The new 24 and 28 Series of monolithic TTL programmable read-only memories (PROMs) feature an expanded 
selection of standard, low-power, power-down, and registered PROMs. This expanded PROM family provides the system 
designer with considerable flexibility in upgrading existing designs or optimizing new designs. Featuring proven 
titanium-tungsten (Ti-W) fuse links with low-current MOS-compatible p-n-p inputs, all family members utilize a common 
programming technique designed to program each link with a 100-microsecond pulse. 


The new 4096-bit and 8192-bit PROMs are offered in 24-pin 300-mil-wide packages, greatly improving system density 
for large PROM arrays. For systems requiring even higher levels of complexity and density, the 16,384-bit PROMs 
provide twice the bit density of the 8192-bit PROMs in 24-pin 600-mil-wide packages. All PROMs are supplied with a 
logic-high output level stored at each bit location. The programming procedure open-circuits Ti-W metal links, which 
reverses the stored logic level at selected locations. The procedure is irreversible; once altered, the output for that bit 
location is permanently programmed. Outputs that have never been altered may later be programmed to supply the 
opposite output level. Operation of the unit within the recommended operating conditions will not alter the memory 
content. 


Active level(s) at the chip-select input(s) (S or S) enables all of the outputs. An inactive level at any chip-select input 
causes all outputs to be off. On power-down PROMs, active level(s) at the chip-enable input(s) (E or E) power up the 
device and enables all of the outputs. An inactive level at any chip-enable input causes all the outputs to be off and the 
PROM to be in a reduced-power standby mode. 


The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it 
can be bus connected to other similar outputs, yet it retains the fast rise time characteristics of the TTL totem-pole 
output. The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 
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SERIES 24 AND 28 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 





PIN ASSIGNMENTS (TOP VIEWS) 


TBP24S10, TBP24SA10 TBP28L22 TBP28S42", TBP281.42, TBP34S41, TBP24SA41 TBP24S81, TBP24SA81 
1024 BITS 2048 BITS TBP28P42 4096 BITS 4096 BITS 8192 BITS 
(256 WORDS BY 4BITS) (256 WORDS BY 8 BITS) (512WORDS BY 8 BITS) (1024WORDS BY 4BITS) (2048 WORDS BY 4 BITS) 








TBP28S45, TBP28L45, TBP28P45* TBP28R45 TBP28S86, TBP28SA86, TBP28L86 TBP28S2708 
4096 BITS 4096 BITS 8192 BITS 8192 BITS 
(512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) 
Ast] UU) fvcc Ul Vcc 
A7[2] [23] AO [23] AQ 
AG[aI 2] NC fz] A10 
AS LS] , es o.600-in FY $1 
(7,62-mm) A4ls] Pea [20] G2 (15,24-mm) S2 (15,24-mm) 
pans ase] 7’ fa) G3 (SYNC) Row [2] $3 Rowe 
Spacing A2[7! spacing [18] Ct Spacing S4 Spacing 
Alls] 17] O8 Qs 
Qi[3| 16] Q7 Q7 
Q2 [10] 115] OG a6 
Q3 [11] [14] OS Qs 
GND [12} [13] Q4 a4 
TBP28S85, TBP28L85, TBP28P85* TBP28R85 TBP28S166, TBP28L166, TBP28P166* TBP28R166 
8192 BITS 8192 BITS 16,384 BITS 16,384 BITS 
(1024 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) (2048 WORDS BY 8 BITS) (2048 WORDS BY 8 BITS) 


(15,24-mm) 
Row 


Spacing 





NC = No internal connection 


* For those pins having dual designations, the designation to the right of the virgule (/) applies only to the type number(s) immediately 
followed by an asterisk (*) above the pinout drawing. 
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SERIES 24 AND 28 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 





standard PROMs 


The standard PROM members of Series 24 and 28 offer the highest performance for applications requiring the uncom- 
promised speed of Schottky technology. The fast chip-select access times allow additional decoding delays to occur 
without degrading speed performance. 


low-power PROMs 


To upgrade systems utilizing MOS EPROMs or MOS PROMs, the low-power PROM family offers the increased output 
drive and speed performance of bipolar technology and the reduced power dissipation necessary to implement effective 
upgrades. Additionally, low-power PROMs offer substantially reduced power dissipation over standard PROMs with 
minimal speed penalty. 


power-down PROMs 


For power-sensitive systems requiring the speed performance of the standard PROM members as well as reduced system 
power dissipation, the power-down PROM members allow a 75% or better reduction in power dissipation when disabled 
while providing standard PROM speed performance when enabled. The power-down and power-up functions are 
sequenced to occur with the outputs at a high-impedance state. The enable (power-up) function provides adequate per- 
formance to allow power-up to occur during the normal read access time precluding any degradation in memory speed 
performance... 


registered PROMs block diagram (positive logic) 


For microprogrammed pipelined systems the Series ; 

24 and 28 registered PROM members offer the sys- OUTPUTENABLE 
tem designer reduced package count and improved —_ sv Ncunonous 
system performance by incorporating the pipeline 

register onto the PROM chip, Available in 4096-bit, eee 
8192-bit and 16,384-bit densities, all registered 

PROMs are provided with synchronous and asyn- 

chronous output controls (G and G) allowing maxi- 

mum flexibility in data bus control, 


G(SYNC) 


When power is first applied, the edge-triggered latch eae. 
for the synchronous output control is cleared, and the sarin! MABLE 
Q outputs are placed in a high-impedance state. To 

read data, the address is set up, the synchronous out- 

put enable, G(SYNC), is taken high, and a low-to-high 

transition on the clock (C) input causes the selected 

data to be stored in the registers. That same transition 

causes the outputs to be enabled if asynchronous 

output enable G is low. At this time the address may 

be changed and a new word addressed without affect- 

ing the register contents. If the synchronous output 

enable is low at the time of a low-to-high clock tran- 

sition, the outputs will be disabled to the high-imped- 

ance state. They may be disabled at any time by tak- 

ing output enable G high. 


= 
— 
Les 
es 
een 


VY 
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SERIES 24 AND 28 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 





schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


Req 
LOW-POWER PROMS 20 k2 NOM 
ALL OTHERS 8 kQ NOM 


Programming circuits not shown 


EQUIVALENT OF 3-STATE OUTPUTS EQUIVALENT OF OPEN-COLLECTOR 
OUTPUTS 





OUTPUT 


OUTPUT 


R 
LOW-POWER PROMS 130 2 NOM 
ALL OTHERS 58 2 NOM 


Programming circuit not shown Programming circuit not shown 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage (see Note 1) ce ee nee eet ete eet eee ete eee eee ees 7V 
INPUT VOltade!- 62S eee aoc bess de ese Ie Sieg, STE ote te Be, adn ws Aas ee Tare Benth, phone 1S. wD Areawh Can acecay Doarte 5.5V 
Chip-select peak input voltage (S,S1,S2) (seeNote2) 2... ee ee ee ne ee ee ae 11V 
Offstateoutput-voltage © ses sediecd ky kei ecca ee edd Ba ersee Raps Ook Ree eran ee dow Bras BSR etartes Os 5.5V 
Off-state peak output voltage (see Note 2) we eee ee eee ee eee 17.25 V 
Operating free-air temperature range: Full-temperature-range circuits (MJ) ............-0. —55°C to 125°C 

Commercial-temperature-range circuits (J,N) ............ 0°C to 70°C 


Storage temperature range 6. kk ee ee ee ee ee ee eee eee ~65°C to 150°C 


NOTES: 1, Voltage values are with respect to network ground terminal. 
2. These ratings apply only under the conditions described in the programming procedure. 
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SERIES 24 AND 28 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 








TBP28SA86 TBP24SA81, TBP24SA41 TBP24SA10* 
PARAMETER UNIT 
MIN _NOM MAX MIN NOM MAX [MIN NOM MAX 
Bas aah 4.5 5 55] 45 5 5.5 
vo : 
pare ee 4.75 5 5.25] 4.75 5 5.25 | 4.75 5 5.25 
Ce et ee a eee es 
ow-level output current, IOL TIN | 
JN 
ane ere ies —55 125 | 55 125 | —55 125 
perating tree-air temperature range TiN | 
uN 0 70 























mA 



















electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


TBP24SA81 < 
PARAMETER nce TGONBITIONS! TBP28SA86 TBP24SA41 TBP24SA10* 


Vik Input clamp voltage *+| Voc = MIN, ly = ~18 mA 


Vec =MIN, Vin =2V, |VQo=24V 
loH High-level output current Ni td 
Vit =0.8V Vo=5.5V 

J,N 


MAX{|MIN TYP+ MAX {MIN TYP+ MAX 


—_ 


Vec = MIN, Vin = 2, 


Vv Low-level output voltage 
ee ? | vin=08V.loL=MAX[JN | 
Input current at maximum 
1 : Vec = MAX, V,=5.5 V 
input voltage 
tty «= High-level input current Vcc = MAX, Vy =2.7V 
Ij, Low-level input current Vcc = MAX, V, = 0.5 V 


MJ 
Icc Supply current Vcc = MAX 


Tt For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
* All typical values are at Voc = 8 V, Ta = 25°C, 


! 
a iN) 


N 
N 


= 
2 
- 
< 
u 
+ 
nd 
ofa oy) 





switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(A) ta(S) tPLH 


: ; : Propagation delay 
Access time from Access time from chip . 
TEST CONDITIONS . time, low-to-high-level 
address select (enable time) 


MIN TYP MAX | MIN TYP 


MJ 
TBP24SA10* 
J,N 


TBP24SA81 
TBP24SA41 


TBP24SA86 


See Page 1-14 





* Electrical parameters for these devices are design goals only. 
NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 


74 Family). 
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SERIES 24 AND 28 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 


UNIT 





recommended operating conditions 










TBP24S10* TBP28S86, TBP28S2708 | TBP24S81, TBP24S41 
PARAMETER 
om Max | MIN NOM MAX | MIN NOM MAX _| 
Pass es| as sss 4.5 5.5 





Supply voltage, Vcc 











as 45 
High-level output current, IoH _3. 2 eS a 2 
Pw 
piN 
rw I 
J,N 


mA 


5 
Sai ee 
Sa eae | ae 
mA 
a 2 2 
= 5] oc 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
TBP24S86, 


TBP24S10* TBP24S41 
TBP28S2708 


UNIT 
MIN TYP* MAX|MIN TYP* MAX aaa TYP* =r | 


Vit. _Lowlevel input voltage eee ees cee eee eee 


V NTN, Vv 2V, 
High-level output voltage oe Lean 2.4 3.1 
a 0.8 V,loH = MAX 
cc = MIN, Viy = 2 Vv, 
Low-level output voltage 
oe 0.8V,loL = MAX 
Off-state output current, 
Vcc = MAX, Vin = 2V,V0=2.4V 
high-level voltage applied 
; Off-state output current, MAX, V 2V,V 05V 
O2L low-level voltage applied Vec = 1H © Oo” 
Input current at maximum 
ty Vcc = MAX, V,=5.5V mA 
input voltage 
25 


Low-level output current, Io. 


Operating free-air temperature range 















TBP24S81, 





TEST CONDITIONSt 





PARAMETER 









lin High-level input current | Veg= MAK, Vi=27V a) i OS 
ML Low-level input current Vcc = MAX, V| = 0.5 V —250 —250 


Short-circuit [MJ | -15 100] 
los Vcc = MAX 
output current § rin | 2 
dani ‘ ene [Ms [| 125 We 
stra Mais a PN [75 | 125178 | 
125 175 95 140 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions 
Fai typical values are at Voc = 5 V, Tp = 25°C. 
§ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 





switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(A) ta(s) tpxz 
Access time from Access time from chi 
TYPE TEST CONDITIONS e P Disable time 
select fenaete time) 


TBP24S10* 
/N | CL =30pF 


TBP24S81 for ta(A) 


and ta(s), : : 
TBP24S41 See Page 1-14 
am aa a ae ie 


TBP28S86 for tpxZ 
TBP28S2708 


* Electrical parameters for these devices are design goals only. 





NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 
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SERIES 24 AND 28 | 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES 


WITH 3-STATE OUTPUTS 








5-20 


recommended operating conditions 


THPIESIO® 
My a5 eee 





PARAMETER 


Supply voltage, Vcc 


TBP28S42*, 
PARAMETER TEST CONDITIONSt TBP28S45* TBP28S85* TBP28S166* UNIT 


MIN TYP* MAX|MIN TYP* MAX]MIN TYP+ MAX 


Vik teput clamp voltage | Vog= MIN, Ty= Tama aE 3 a 


. Vcc = MIN, Vip =2V, 
VouH High-level output voltage 2.4 3.1 24 3.1 24 3.1 
ViL = 0.8 V, loy = MAX 
Vcc = MIN, Vip =2V, 
VoL __Low-level output voltage ce re Vv 
Vit = 0.8 V, lo = MAX 
Off-state output current, 
! Vcc = MAX, Vip =2V,VQ=24V 50 LA 
ad high-level voltage applied he Ne ° a ee ee 
Off-state output current, Vee =MAX. Vin =2V.Vq=05V A 
OZL  iow-tevel voltage applied ce gra eee 
Input current at maximum : 
; Vcc = MAX, V, =5.5 V mA 
input voltage 


iH High-level input current Vec = MAX, V)=2.7V 
ne Low-level input current Vcc = MAX, Vv, = 0.5 V 


Short-circuit MJ [—15 = —100]-15 —100 | —15 —100 

los rt-circul Voc = MAX LM ne 
output current —20 —100|—20 —100 | —20 —100 

Icc Supply current Vcc = MAX 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 





* All typical values are at Voc = 5 V, Ta = 25°C. 
8 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 





ta(A) ta(s) tpxz 
























Access time from Access time from chip 







Disable time 





TEST CONDITIONS 


address select (enable time) 


MIN TYP MAX | MIN TYP MAX | MIN TYP MAX 
























TBP28S42* Cy = 30pF 
TBP28S45* for ta(a) 38 12 
shares R, = 3002, 
S). 
TaP2eSIS" 2 See Page 1-14 
Cer | See Page = 


rr ee 


C7 hy . . 
Electrical parameters for these devices are design goals only. 


for tpxz 





NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 
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TEXAS INSTRUMENTS 


INCORPORATED 
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SERIES 24 AND 28 


LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





recommended operating conditions 


TBP28L22* TBP28L42*, TBP28L45* TBP28L86 
PARAMETER 
MIN NOM MAX MIN 
4.5 5 5.5 
; 5 . 75 


Supply voltage, Vcc 


J 4.75 5.25 | 4 


7 5 5,25 


| 
= 


High-level output current, loy 


\ 
= 
ro) 


Low-level output current, 1oL 


i 
2 


M 
M 
M 
M 


= 
N 
o 


[= 


Operating free-air temperature range 


NOM MAX 
5 
0 


= 
2 


J 
N 
J 
J 
J 


a 
2 





















TBP28L42* 
PARAMETER TBP28L22* TBP28L42* TBP28L86 UNIT 
MIN TYP* MAX|MIN TYP* MAX|MIN TYP* MAX 


ViK Input clamp voltage Vcc = MIN, |) = -18mA 


: Vec = MIN, Vip=2V, 
VoH High-level output voltage 24 3.1 
VIL = 0.8 V, loH = MAX 
Vcc = MIN, Vip =2V, 
VoL __ Low-level output voltage oe ee 
Vit = 0.8 V, lop = MAX 


= 

N 

| 

— 

re) 

| 

= 

Ny 
|< 


N 
pb 
w 
= 
nN 
eS 
Ww 
= 
he 


ee Off-state output current, 
high-level voltage applied 

foe Off-state output current, 
low-level voltage applied . 
Input current at maximum 


1 Vcc = MAX, Vv, =5.5V 
| input voltage ce I 


NH High-level input current Vcc = MAX, Vv, = 2.7 V 
We Low-level input current Vec = MAX, Vv; = 0.5 V —25 


Short-circuit MJ 
ioe Voc = MAX pM 
output current 

MJ 
lec Supply current Vcc = MAX eM 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Vcc = 5 V, Ta = 25°C. 
8 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 


a 





o : 
° 

| I 
co N : 
a oj a ro) 





switching characteristics over recommended ranges of T A and Vcc (unless otherwise noted) 


ta(A) ta(s) tpxz 


Access time from Access time from chip . . 
. Disable time 
select (enable time) 


CL_=30pF 


for ta(A) 
and ta(s), See Page 1-15 


TBP28L42* 
TBP28L45* 


aL Pe 85.175 65. 135 
TBP28L86 


for t 
PXZ 85 





* Electrical parameters for these devices are design goals only. 





NOTE: MS designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 
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SERIES 24 AND 28 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





recommended operating conditions 


TBP28L85* TBP28L166* 
PARAMETER 


Supply voltage, Vcc 
High-level output current, [oH 


MIN NOM MAX | MIN 
4.75 5 5.25 4.75 

é ; —55 
Operating free-air temperature range 0 


[towimeouostewrenstok |e 

















Vik Input clamp voltage Vcc = MIN, |) = -18 mA fe 


F Vcc = MIN, Vip =2V 
VOH High-level output voltage 24 3.1 2.4 3.1 Vv 
Vit = 9.8 V, lon = MAX 
Vec = MIN, V 2Vv 
VOL Low-level output voltage ie ua 
VIL = 0.8 V, lor = MAX 


TBP28L85* 
PARAMETER TEST CONDITIONSt 
Off-state output current, Vv MASON ASD AY 
O2H high-level voltage applied ce 1H as ie 








1 Off-state output current, k= WASNT sey ee A 
ozt low-level voltage applied ce Si 2 e 
Input current at maximum 
| . Vcc = MAX, Vy = 5.5 V 
input voltage 
I High-level input current Vec = MAX, V,=2.7V 25 25] wA 
tH CC 


I 
Short-circuit Vine MAX 
O05 output current § ce 
lec Supply current Vcc = MAX 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
# All typical values are at Vec=5V,Tpa= 25°C, 
SNot more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 





switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


TYPE 













ta(S) 
Access time from chip 


ta(A) tPxZ 


Access time from 














TEST CONDITIONS Disable time 







address select (enable time) 


MIN TYP =MAX | MIN TYP MAX _| MIN ___TYP 


MAX 
rerzaiase | CU" 90°F ee ee ee ee ee 
TBP2BL166* | ‘alA) anc ta(S)- 65 30 25 

CL=5pF for tpxz/ See Page 1-15 


* Electrical parameters for these devices are design goals only. 
NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 











Cy, = 30 pF for 
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SERIES 24 AND 28 
POWER-DOWN PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





recommended operating conditions 
TBP28P42*, TBP28P45* TBP28P85* TBP28P166* 
PARAMETER 
N NOM MAX | MIN M MAX] MIN. NOM 
5 5. 
2 
23 


mi NNO 
TOR ace p45 08 8S |] 4 8S | aS 8S 
ie) 
pia a 4.75 5 5.25 | 4.75 5 6.25 
High-level output current, [oy 
55 5 
0 0 70 









UNIT 


| 
wo 
N 


ol 
N 
oa 


m 
m 


‘ c a 
Z 


J : 
’ Vv 
75 

J 

' A 
a 

J 

Low-level output current, lo. re A 
pain ae J 125 | -5 1p | -s5 125 | 

t -air tem t ‘ange 
ee eee poo 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
TBP28P42*, 


PARAMETER TBP28P45* TBP28P85* TBP28P166* 


MIN TYP* MAX|MIN TYP? MAX/ MIN TYP* MAX 
Vin High-level input voltage 


eee Be 
Vik Input clamp voltage Vcc = MIN, 1) = -18 mA aa 
24 3 


| =12 
V =MIN,V 2V 
VOH High-level output voltage cc IH 2.4 3. 
Vic = 0.8 V, lon = MAX 






M 
M 
J 
M 
J 
M 


_ 
N 
oi 


ue 
2 











TEST CONDITIONSt UNIT 


= 
nN 


2.4 3.1 


1 






Vec = MIN, Vipp=2V, 
VoL Low-level output voltage 
Vit = 0.8 V, lot = MAX 
Off-state output current, 
I Vec = MAX, ViH=2V,VQ=2.4V 
2H high-level voltage applied ce 1H oO 
ZL Ge =2V, Vo =0. 






m 


o _ ‘’ 
' Off-state output current iaeG pas a 
O21 low-level voltage applied cc »VIH Oo 

Input current at maximum 

input voltage 


25) uA 


1 
'yH — High-level input current Vcc = MAX, Vy =2.7V 25 25 
IL Low-level input current | Voc = MAX, Vj = 0.5 V —250 


Short-circuit 15 —100|—15 —100 
los Vcc = MAX 
output current § —20 —100{-20 —100 | —20 —100, 
Supply ptt | 0 
| Vcc = MAX 
x re ee a ee 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 






Vv 
Vv 
Vv 
Vv 
Vv 
uA 
uA 
A 
uA 
A 


12 





+ All typical values are at Veco =5V,Tpa= 25°C. 
SNot more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(A) ta(E) tPXZ 
Access time from Access time from chip : 
TYPE TEST CONDITIONS ; Disable time 
address enable (enable time) 
TBP28P42* 
Cy = 30 pF for 
TBP28P45* RL = 3002, 


t and t . 
Tep2epes* | ‘alA) a(E) See Page 1-14 
Tap2epi6e* | CL SPF for texz 


"Electrical parameters for these devices are design goals only. 





NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 
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SERIES 24 AND 28 | | 
REGISTERED PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





recommended operating conditions 


aon SaaS Ee Sani Ga Ae 
PARAMETER UNIT 


as co cc 4.5 5.5 
| It Vv v 
ee uh} are 5525 | 475 _5 525 | 4.78 B28 att 


a 2 
High-level output current, IQH a 
J,N 
a N 


—3.2 
Low-level output current, Io 


5.25 
Clock pulse width high, tw(CH) ee eee 





























Clock pulse width low, tw(CL) 


Address setup time, tsy(A) 
Chip select setup time, tsy(s) 


5.25 
Address hold time, th(A) 
Chip select hold time, ths) ————e 


PARAMETER TEST CONDITIONSt spneon TBP28R85* 
MIN i MAX|MIN Baye MAX|[MIN TYP* MAX | 


ViH_ High-level input voltage 


Vik Input clamp voltage Vcc = MIN, 1) =—-18mA 


Vcc = MIN, Vip =2V, 
Vou _ High-level output voltage 
vi 0.8 V, |oH = MAX 
CC = MINIM ine 29. —s 
VoL _ Low-level output voltage 


















Off-state output current, 
1OZH .. . Vcc = MAX, Vip =2V,VQ=24V 
high-level voltage applied 
' Off-state output current, MAX, V 2V,V O.5V 
O2L low-level voltage applied Vcc = IH™ o* 
Input current at maximum 
1 . Vcc = MAX, V} =5.5V 
input voltage 


'"H = High-level input current Moos MAX, us 27V 
los § Vcc = MAX 
output current in| 26 ——=t00 = 
| [Ms of 0 
cc Supply current Vcc = MAX a 
NO] 0 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ All typical values are at Veco =5V,T, = 25°C. 

8 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 

* Electrical and switching parameters for these devices are design goals only, 

NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 


SS aE a a a eT I a IE I TT I TO TT I I I TI I TL SII, 
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INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


SERIES 24 AND 28 
REGISTERED PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 
types TBP28R45*, TBP28R85*, TBP28R166* 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


ta(C) Access time from clock 
tpxZ(C) Output disable time from clock Rx, = 3002, 


tpxz(G) Output disable time from See Figure 1 


tPZX(G) . Output enable time from 





Ps 
PTs 
tpzx(C) Output enable time from clock CL = 30pF, ae a ee 
a ee ce 


* Electrical and switching parameters for these devices are design goals only. 


PARAMETER MEASUREMENT INFORMATION 





TEST 
POINT Vec 
RL 
S1 
FROM OUTPUT 
UNDER TEST 


(See Note B) 






CL 
(See Note A) 


() 
& 


NOTES: A. Cy includes probe and jig capacitance. 
B. All diodes are 1N916 or 1N3064. 
LOAD CIRCUIT 


ADDRESS 
INPUTS 








G(SYNC) 
oe SF | ANY 
DLV WV 
side 
tsu(G) thiG) tsu(G) thiG) tsu(G) 
Cc 
INPUT 
¢—twiCt) tw(CH) 
tPXZI(C) : tPXZ(C) ta(C) 
a1—as 
OUTPUTS y ° \ y , 
tPXZ(G) 
tPxz(G) 
G 
INPUT 
FIGURE 1 — SWITCHING WAVEFORMS FOR TYPES TBP28R45, TBP28R85, AND TBP28R166 
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SERIES 24 AND 28 
PROGRAMMABLE READ-ONLY MEMORIES 





recommended conditions for programming 


PARAMETER 
Steady-state supply voltage, Vcc 


Address input voltage 












MIN TYP MAX 
: 5 5.5 


N 
> 
o 


t > 
o 







= 
= 


<|= 
F |x 


E3 and E4 input voltage (where appropriate) 


Poe Oey 
[Voltage stall outputs except the one tobeproammed SSCS CCSC~«é 






Voltage, Vecipr) 
Pulse width, tw 
Duty cycle 25 35 % 


: Voltage, V 9.75 10 11 
Select or enable programming pulse (see Figure 2) g S(pr) ae | 


Voltage, Vo(pr) 16.75 17 17,25 
Rise time, t; 
100 1000 






Supply voltage programming pulse (see Figure 2) 















Output programming pulse (see Figure 2) 


© 
eo 


Pulse width, tw 


Registered PROM verify clock pulse width tw(CH) 
Free-air temperature, TA 


step-by-step programming instructions (see Figure 2) 


= = 
= cr 









1. Address the word to be programmed, apply 5V + 10% to Vcc and active levels to all chip select (S and S) or chip 
enable (E and E) inputs. 


2. Verify the status of a bit location by checking the output level. For registered PROMs a clock must be applied to 
the clock pin to verify the output fevel. 


3. Increase VCc¢ to VCC(pr) with a minimum current capability of 200 milliamperes. 
4. Apply Vs(pr) to all the S, E or G inputs. 1) <15 mA. 


5. Connect all outputs, except the one to be programmed, to a logic low level (0 < Vj_ < 0.5 V). Only one bit is 
programmed at a time. 


6. Apply the output programming pulse for at least 98 microseconds. Minimum current capability of the program- 
ming supply should be 200 milliamperes. 


7. After terminating the output pulse, disconnect all outputs from V|_ conditions. 
8. Reduce the voltage at S, EorG inputs to ViL. 


9. Reduce Vcc to steady-state voltage and verify output status. Note that for registered PROMs, a clock must be 
applied to the clock input pin to verify output status. 


10. Repeat steps 3 through 9 for each bit location that requires programming. 


11. Verify accurate programming of every word after all words have been programmed using Vcc values of 4.5 and 
5.5 volts. Note that registered PROMs must be clocked to verify the output condition, 


SS I Se TT a BR a ETT iE PE ITI BI PS TPES 
979 


5-26 TEXAS INSTRUMENTS 


INCORPORATED 
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SERIES 24 AND 28° 
PROGRAMMABLE READ-ONLY MEMORIES 


- 


| | 
Verify t l 


| 
| 
i | 
output ——>| as l¢—>J Verify programming 
I 





ADDRESS 
INPUTS 








status == =| = ——— Vecipr) 





Vcc Steady state 
PROGRAMMING 


PULSE 


SELECT OR 
ENABLE 
PROGRAMMING 
PULSE 


OUTPUT 
PROGRAMMING 


PULSE 
(See Note 5) 


VERIFY 

CLOCK 
(REGISTERED PROMS 
ONLY) 


FIGURE 2 — TIMING DIAGRAM AND VOLTAGE 
WAVEFORMS FOR PROGRAMMING SEQUENCE 


NOTE: The output to be programmed may be forced to zero volts after the transition to Vo(pr) at the E input has begun, 
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SCHOTTKYT TYPES SN54S189A, SN54S289A, SN74S189A, SN74S289A 


64-BIT HIGH-PERFORMANCE 
TTL MEMORIES RANDOM-ACCESS MEMORIES 


SEPTEMBER 1976—-REVISED JUNE 1979 





STATIC RANDOM-ACCESS MEMORIES 


e Fully Decoded RAM’‘s Organized as 16 SN54S189A, SN54S289A .... JOR W PACKAGE 
Words of Four Bits Each SN74S189A, SN74S289A .... JOR N PACKAGE 
(ToP VIEW) 
e Schottky-Clamped for High Speed: 
Read Cycle Time... 25 ns Typical 
Write Cycle Time . . . 25 ns Typical AO 1 Vee 
@ Choice of Three-State or Open-Collector Ss 2 15 =AI 
Outputs = 
; Ww 3 14 A2 
Compatible with Most TTL and !2L Circuits 
Chip-Select Input Simplifies External DI1 = 4 13 AB 
Decoding —_ 
DO 1 5 12 D4 
description DI2, 6 11 DO4 
These 64-bit active-element memories are monolithic DO2 f 10 DI3 
Schottky-clamped transistor-transistor logic (TTL) — 
GND 8 9 DO3 


arrays Organized as 16 words of four bits each. They 
are fully decoded and feature a chip-select input to 
simplify decoding required to achieve expanded 
system organization. The memories feature p-n-p input transistors that reduce the low-level input current requirement 
to a maximum of —0.25 milliamperes, only one-eighth that of a Series 54S/74S standard load factor. The chip-select 
circuitry is implemented with minimal delay times to compensate for added system decoding. 


Pin assignments are same for all packages. 





write cycle 


The information applied at the data input is written into the selected location when the chip-select input and the 
write-enable input are low. While the write-enable input is low, the ‘S189A output is in the high-impedance state and 
the ‘S289A output is off. When a number of outputs are bus-connected, this high-impedance or off state will neither 
load nor drive the bus line, but it will allow the bus line to be driven by another active output or a passive pull-up. 


read cycle 


. The stored information (complement of information applied at the data input during the write cycle) is available at the 
output when the write-enable input is high and the chip-select input is low. When the chip-select input jis high, the 
‘S189A output will be in the high-impedance state and the ‘S289A output will be off. 

FUNCTION TABLE 


INPUTS ‘S189A ‘S289A 
FUNCTION 
CHIP SELECT WRITE ENABLE OUTPUT OUTPUT 
ff 


Complement of Data Entered Complement of Data Entered 
sigs Ieee 














H = high tevel, L = low level, X = irrelevant 





Copyright © 1979 by Texas Instruments !ncorporated 


a7 Ttintegrated Schottky-Barrier diode- 
TEXAS | NSTRUMENTS clamped transistor is patented by 
INCORPORATED Texas Instruments. U. S. Patent 5-29 
Number 3,463,975. 
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TYPES SN54S189A, SN54S289A, SN74S189A, SN74S289A 
64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





functional block diagram 








64-BIT MEMORY 
MATRIX 
ORGANIZED 
16.X-4 


ADDRESS INPUTS 


CHIP SELECT (S) 
READ/WRITE (W) 


DATA INPUTS 


DO1 DO2 DO3 DO4 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT ‘S189A OUTPUT ; ‘S289A OUTPUT 


Vv eee 
cc 
eh teg Vee 
58 2. NOM 


: OUTPUT 
OUTPUT a 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7V 
Inputvoltage . . ..... .5.5V 
Off-State output voltag ed) A ee he ee ges ek GO ee Oe oe es a IY ee Bk .5.5V 
Operating free-air temperature range: SN54S‘Circuits . . . . . 1...) wee. 655°C to 125°C 

SN74S' Circuits: 40 eb we ek ee ea ee we TOC 70°C 
Storage temperature range bo it 0 2) Ea ah tke gh Oe tae be gS of Cee BEC tS TOOG 


NOTE 1: Voltage values are with respect to network ground terminal, 
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TYPES SN54S189A, SN54S289A, SN74S189A, SN74S289A 
64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





recommended operating conditions 


Eee SN54S189A SN74S189A SN74S289A SN54S289A me 


High-level output voltage, VOH ae eee sae eae ee 


Low-level output current, Io. 


Width of write pulse (write enable 
. 25 25 
low), tw(wr) 
Address before write 
0} Oy OY OL 
pulse, teu (da) 









N 
ol 
> 






Setup] Data before end of write 
25% 25t 25t 






time 






pulse, tsu(da) 


Chip-geloct before end of wilt 
Re ere ener 25+ 25t 25+ 25t 
pulse, ts (3) 


time | Chip-select after write 
aa ot ot ot Ot 
pulse, th(S) 


tiThe arrow indicates the transition of the write-enable input used for reference: t for the low-to-high transition, | for the high-to-low 
transition, 










electrical characteristics over recommended operating free-air temperature range (otherwise noted) 











TEST CONDITIONST 





PARAMETER 






UNIT 
MIN TYP+ MAX |MIN TYP{ MAX 

ViH___ High-level input voltage ie Sea cere) li i ae oy I ets | 
Vit___Low-level input voltage a eet, eee, 


ViK Input clamp voltage Vcc= MIN, tt) =—18mA —1.2 —1.2 
Vec=MIN, Vin=2V, |SN54S’ 2.4 3.4 ie eee ai 


ViL=0.8V, loH = MAX | SN748’ 24 3.2 


VIL =0.8V Vo0=5.5 V 


ViL=0.8V, loL=16mAl SN74S’ 0.35 0.45 0.35 0.45 


oo Off-state output current, Vcc = MAX, ViH=2V, pop fia | 
low-level voltage applied Vit =08V, VoL=04V 
pomasil 
voltage 
at 


li High-level input current Vec= MAX, Vj=2.7V 25 
los Short-circuit output current § Vcc = MAX —30 —100 aaa 


\cc ‘Supply current Vcc = MAX, See Note 2 75 «110 75 105 


tT For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
}AI typical values are at Vcc #5 V, Ta # 25°C. 
§ Duration of the short circuit should not exceed one second. 


















VOH High-level output voltage 





OH High-level output current 














VOL Low-level output voltage 





Off-state output current, 



















NOTE 2: l¢c is measured with the read/write and chip-select inputs grounded, All other inputs at 4,5V, and the outputs open, 
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TYPES SN54S189A, SN54S289A, SN74S189A, SN74S289A 
64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





‘S189A switching characteristics over recommended operating ranges of TA and Vcc 
(unless otherwise noted) 





SN54S189A | SN74S189A 
PARAMETER TEST CONDITIONS 
mer max me MAX 


ta(ad) | Access time from address CL = 30pF, 
‘ Access time from chip select Ry = 30022 
a>) (enable time) See Note 3 
tsp Sense recovery time 
C_ =5pF, 
tPpxz Disable time from high or low tevel — Ri = 300 22, 
See Note 3 








‘S289A switching characteristics over recommended operating ranges of TA and VCC 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 


ta(ad) Access time from address CL = 30 pF, 
ta(S) Access time from chip select (enable time) R_1 = 3002, 
tsR Sense recovery time Ri2= 600 22, 


Propagation delay time, low-to-high-level s See Note 3 


t 
ie output (disable time) 





Fall typical vatues are at Voc = 5 V, Ta = 25°C 


NOTE: 3. Load circuit and voltage waveforms are shown on page 1-14, 
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SCHOTTKYT TYPES SN74S201, SN74S301 
TTL MEMORIES 256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


SEPTEMBER 1977—REVISED JUNE 1979 





STATIC RANDOM-ACCESS MEMORIES 


e Static Fully Decoded RAM’s Organized as 


. SN74S201, SN74S301 .. JOR N PACKAGE 
256 Words of One Bit Each 


(TOP VIEW) 
© Schottky-Clamped for High Performance 
AO 1 16 Vcc 
e Choice of Three-State or Open-Collector 
Outputs Al 2 15 A2 
© Compatible with Most TTL and IL Circuits or a a7 
@ Chip-Select Inputs Simplify External i‘ 4 ae 
Decoding $3 5 12 W 
© Typical Performance: 06 6 11 AG 
Read Access Time ...........-.. 42 ns AZ 7 10 AS 
Power Dissipation ............ 500 mW GND 8 9 Aa 


description 


These 256-bit active-element memories are monolithic transistor-transistor logic (TTL) arrays organized as 256 words of 
One bit. They are fully decoded and have three chip-select inputs to simplify decoding required to achieve expanded 
system organizations. 


write cycle 


The information applied at the data input is written into the selected location when the three chip-select inputs and the 
write-enable input are low. While the write-enable input is low, the ‘S201 outputs are in the high-impedance state and 
the ‘S301 outputs are off. When a number of outputs are bus-connected, this high-impedance or off state will neither 
load nor drive the bus line, but it will allow the bus line to be driven by another active output or a passive pull-up. 





read cycle 
The stored information (complement of information applied at the data input during the write cycle) is available at the 


output when the write-enable input is high and the three chip-select inputs are low. When any one of the chip-select 
inputs are high, the ‘S201 outputs will be in the high-impedance state and the ‘S301 outputs will be off. 


FUNCTION TABLE 


INPUTS 


FUNCTION CHIP SELECT WRITE ENABLE 
{s) (w) OUTPUT (DO) 


Complement of Complement of 
Read L H 
Data Entered Data Entered 
High Impedance 














"$201 "$301 


OUTPUT (DO) 







H = high level, L =low level, X =irrelevant tor chip-select: L =all Si inputs low, H =one or more Si inputs high 





Copyright © 1979 by Texas Instruments Incorporated 
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tintegrated Schottky-Barrier diode- 
TEXAS INSTRUMENTS clamped transistor is patented by 5-33 
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TYPES SN74S201, SN74S301 
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT ‘$201 OUTPUT ‘S301 OUTPUT 


58 2 NOM 


OUTPUT 


OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) we ee ee ee eee eee eee teen tenes 7V 


[APUEVONEAGE ooh s5 8 Bois Seca op Bie Seek he tae e's SE So Des Se Dos Sen oy noble a Gh Ben a 5.5V 
Off-State output voltage 6 ee ee ee ee eee eee eee eee eee 5.5V 
Operating free-air temperature range 6. ee ee ee eee eee ee eens 0°C to 70°C 
Storage temperature fande! 2.4 belivacee ei tacd ls eo os eed Awd ihe aa aes sae Ae eas —65°C to 150°C 


recommended operating conditions 


Supply Voltage, Vcc (see Note 1) 


SN74S201 
0 A 
4.75 5 5.25 


SN74S301 
Oo 


2 
2 
= 
2 
2 
= 
= 
x 


= 
= 
= 


x 


A 
4.75 


a 


















High-level output voltage, VoH 





High-level output current, IoH —10.3 





Low-level output current, IoL 





Width of write pulse (write enable low), tw(wr) 

























form mer) 
m1); o 
—>lole 


Ve etal no 

eee 0 | 

Serer (7 

foros et Pete 

Suid Address before write pulse, tsu (ad) 

fins Data before end of write pulse, tsu(qa) 

Chip-select before end of write pulse, tsu(S) 
Hold Address after write pulse, th{ad) ot 
sine Data after write pulse, th(ga) ot 
Chip-select after write pulse, th(S) ot 








Operating free-air temperature, Ta 


oO 
~S 
o 


i=) 
~“S 
° 
° 
oO 


t) The arrow indicates the transition of the write input used for references: t for the low to high transistion, | for the high to low transistion. 


NOTE 1: Voltage values are with respect to network ground terminal, 
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TYPES SN74S201, SN74S301 
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





electrical characteristics over recommended operating free-air temperature range (otherwise noted) 


PARAMETER TEST CONDITIONS" 


ViL____ Low-level input voltage fe oe | 
Vik Input clamp voltage Vcc = MIN |) = —18mA v 


y High-level Vcc =MIN, VIH=2V, av 
H output voltage Vit = O08 V, loH = MAX ; 
. , ‘ 
















p 8 














ie) 

oO 

* High-level Vec =MIN, VIH = 2 V.|Vo=2.4 V 40 
Off-state output current, Veco =MAX, Vip =a2V, 
high-level voltage applied Vit=O08V, VoH=2.4V 


Off-state output current, | Vcc =MAX, ViH=2V, Sa 


OZL low-level voltage applied ViL=O08V, Vo_=05V 


Input current at maximum 
\ : Vcc =MAX, V,=55V 1 
input voltage 
Ny High-level input current Vcc =MAX, Vy=2.7V 25 
We Low-level input current Vcc =MAX, Vy=05V 250 
los Short-circuit output current § Vcc = MAX —30 —100 eee 
lec Supply current Vcc =MAX, See Note 2 100 140 


tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operation conditions. 


Low-level Vv MIN Vv 2V 
Vv ic ce iH 0.45 0.45 
output voltage 













102H 
















t These typical values are at Voc = 5 V, Ta = 25°C. 
8 Duration of the short circuit should not exceed one second. 
NOTE: 2, lec is measured with all chip-select inputs grounded, all other inputs at 4.5 V, and the output open 


‘S201 switching characteristics over recommended operating ranges of T , and Voc 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN TYP? MAX] UNIT 
ta(aa) Access time from address 


ta(s) | Access time from chip select (select time) 


tsR 


‘$301 switching characteristics over recommended operating ranges of T aand Vcc 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN TYP MAX] UNIT 
ta(ad) Access time from address Ci = 30pF, Fons | 









Sense recovery time 










Disable time from 





1PXZ 






high or low level 









See Note 3 












42 65 
ta(s) | Access time from chip enable (enable time) Rxv1 = 3002, 13 30 
15 35 






Propagation delay time, = 
From S$ 
= See Note 3 


TA typical values are at Voc = 5 V, Ta = 25°C, 
NOTE: 3. Load circuit and voltage waveforms are shown on page 1-14, 


tPLH !ow-to-high-level output 






(disable time) 
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TYPE SN748225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


SEPTEMBER 1976—REVISED JUNE 1979 


SCHOTTKYT 
TTL MEMORY 





SN74S225 ...1 OR NPACKAGE 


(TOP VIEW) 
e@ Independent Synchronous Inputs and Outputs 
e Organized as 16-Words of 5 Bits CKA 1 20 «Vcc 
e DC to 10-MHz Data Rate is 2 19's <£KR 
e 3-State Data Outputs BROUT 53 18 CLR 
e 20-Pin, 300-mil, High-Density Package DI 4 17 OR 
DI2 5 16 CK IN 
DI3 6 15 DO 1 
DI4 7 14 DO 2 
description DIS 8 13 DO3 
This 80-bit active-element memory is a monolithic OE 9 12 DO4 
Schottky-clamped transistor-transistor logic (STTL) array GND 10 1 DOS 
organized as 16 words of five-bits each. A memory system 
using the SN74S225 can easily be expanded in multiples 
of 16. words or of 5 bits as shown in Figure 2. The three- Pin assignments are same for all packages 
state outputs controlled by a single enable, OE, make bus 
connection and multiplexing easy. 
operation 





A FIFO is a memory storage device which allows data to be written into and/or read from its array at independent data 
rates. The ‘S225 is a FIFO wiich will process data at any desired clock rate from DC to 10 MHz. The data is processed 
in a parallel format, word by word. 


Reading or writing is done independently utilizing separate synchronous data clocks. Data may be written into the 
array on the low-to-high transition of either load clock input. Data may be read out of the array on the low-to-high 
transition of the unload clock input (normally high), When writing data into the FIFO one of the load clock inputs 
must be held high while the other strobes in the data. This arrangement allows either load clock to function as an 
inhibit for the other. 


Status of the ‘S225 is provided by three outputs. Input ready monitors the status of the last word location and signifies 
when the memory is full. This output is high whenever the memory is available to accept any data. The unload clock 
output also monitors the last word location. This output generates a low-logic-level pulse (synchronized to the internal 
clock pulse) when the location is vacant. The third status output, output ready, is high when the first word location 
contains valid data and unload clock input is high. When unload clock input is low, output ready will be low. The first 
word location is defined as the location from which data is provided to the outputs. 

The data outputs are noninverted with respect to the data inputs and are three-state with a common control input, 
output enable. When output enable is low, the data outputs are enabled to function as totem-pole outputs. A 
high-logic-level forces each data output to a high-impedance state while all other inputs and outputs remain active. 


The clear input invalidates all data stored in the memory array by clearing the control logic and setting output ready to 
a low-logic-level on the high-to-low transition of a low-active pulse. The data outputs do not change as a result of the 
clear input; however, the output ready at a low-logic-level signifies invalid data. 





Copyright © 1979 by Texas Instruments !ncorporated 


tintegrated Schottky-Barrier diode- 
clamped transistor is patented by 5-37 
Texas Instruments. U. S. Patent 
Number 3,463,975. 
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TYPE SN748225 


16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 









schematics of inputs and outputs 


EQUIVALENT OF ALL INPUTS 
EXCEPT DATA INPUTS 


Vcc 
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Table 1 — Input Functions 





CKA 


FUNCTION TABLES 










EQUIVALENT OF DATA INPUTS 


Vcc 
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Table 2 — Output Functions 


Input Ready 
Unload Clock Output 


TYPICAL OF ALL OUTPUTS 


a Vcc 
58 2 NOM 


OUTPUT 


1276 


179 


TYPE SN748225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage, Vcc (see Note 1) Rte ik: th SB arse dk, UM UO GA Ba Se ee Re? oe Cat ee Bee SV 
Input Voltage eek be Es dye tee de MA, Ate cio ee Se ca BO By Gee “GS Ee et en 5.5V 
Off-State Output Voltage . 2. 1 ww BBV 
Operating Free-Air Temperature Range Se Me es OE i oe ok Se kk HE a ee os, Oe 6 
Storage Temperature Range De go he Oe ee. en ER a we a Se A eS ee RE IST 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


tio Max 
Supply Voltage, V 4.75 5 5.25 


i 
All Outputs Except Data 
Load Clock A or B, tw (high) 
frm serie eh a 3 a 
Clear, ty (low) 
| =k 
Setup Time 
Hold Time, Data from Load Clock, tp,(Dli) 70t 


Operating free-air temperature, Ta 


NOTE 2: Data must be setup within 15 ns after the load clock positive transition. 











UNIT 






3 
> 








3 
> 


N 
o 


~N 
| 
ae 
N 














LUNIT 


t = The arrow Indicates that the low-to-high transition of the load clock is used for reference. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


MIN TYP}_MAX 
Vin Hisbievelinputworge SS CSSCidCCSCSC‘“‘iSCD aes 
FVin__towslevelinputvoltage ——SSSSSSSSCSC*dC CSCS 


Vcc = MIN, Vip =2YV, 

VoH_ High-level output voltage ce i 2.4 2.9 Vv 
Vit = 08V, oH = MAX 
Vcc =MIN, VIH=2V, 

VoL Low-level output voltage 0.35 0.50 V 
Vit = 0.8V, lol = MAX 


Off-state output current, high-level 










< 


l 
02H voltage applied 


Off-state output current, low-level 
lozt 





voltage applied 


I} Input current at maximum input voltage Vcc = MAX, Vv, =5.5V ee ee 
SS aaa caren Dpto  N ReMAe. P@yaaui eee ON 





|Datain 
I Low-level input current Vv = MAX, Vv; =05V 
All Inputs Except Data in] VCC ! =250 


Voc = MAX =30 =100 
lcc Supply Current Vcc = MAX, See Note 3 


tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
Tall typical values are at Voc —5 V, Ta = 25°C. 

§ Duration of the short circuit should not exceed one second. 

NOTE 3: I¢c¢ is measured with al! inputs grounded and the output open, 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


5-39 


5-40 


TYPE SN748225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 





switching characteristics over recommended operating ranges of TA and Vcc (unless otherwise noted) 


a | CKIN, See Note 4 == oe 


UNIT 








i 
<= 
N 


s 
<= 
N 















CL = 30 pF, 
Ri = 3002, 
See Note 4 


> 
° 


= 
N 


0 





q fmax = maximum clock frequency. 

tw = pulse width (output) 

t) = The arrow indicates that the low-to-high (t) or high-to-low ({) transition of the output ready (OR) output is used for reference. 
tPLH = propagation delay time, low-to-high level output. 

tPHL = Propagation delay time, high-to-low-level output. 

+ All typical values are at Voc = 5 V, Ta = 25°C. 


NOTE 4: Load circuit and voltage waveforms are shown on page 1-14, 
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TYPE SN748225 


16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


sindino 
viva 


functional block diagram 





OL Nid = GND ‘OZ Nid = 29A 





uva19 
ua1SVA 
Aawau 
Etch “1NdNI 
avon 
1ngino 
9019 
avolNnn 
r) 
49019 
Aavau avo} 
indino 
(a) v 
49019 
avo1 
a18vN3a 
iNdLno 
soq Hh ’ | I | | ~ qi Sia 
woo Sur! I | | - Gm via 
fod En T l | | 4 ~ ie 19 
COO pi son fea ee ee Py ee ee Oe gery Go UF ey ee a AR ye Lou Sey a Spee 2 aie, oY 6 LAG SY aNWS! —- (e)n eee 
SLNdNI 
viva 


(b) 





(QYOM Ls¥l4) {QYOM 1S 1) 
LayOM Zz QYOM St GUOM 91 QUOM 


SL4°ZSV 3WVS 
pL -€ SQGYOM 
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TYPE SN748225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 





TYPICAL WAVEFORMS FOR A 16-WORD FIFO 


CLEAR l f 


crock a SRE J 1 j 1 j l 
a 
INPUTS CLOCK 8 ee j 1 j l 


DATA IN WORD 1 WORD 2 
UNLOAD ex 
CLOCK 





UNLOAD a pe 
CLOCK 





OUTPUTS 
OUTPUT 
READY see 
wee eee —————___________—. 
OATA OUT a WORD 1 WORD 1 WORD 2 WORD 3 WORD 16 
CLEAR LOAD LOAD LOAD LOAD UNLOAD UNLOAD UNLOAD UNLOAD 
WORD 1 WORD 2 WORDS315 WORD16 WORD?) WORD 2 WOROS WORD 16 


315 
Ped CROSS HATCHING INDICATES IRRELEVANT INPUT CONDITIONS 


FIGURE 1 — TYPICAL WAVEFORMS FOR A 16-WORD FIFO 


OUTPUT 
READY 


CLOCK IN aah 









UNLO 


























NC <1 UNLD UNLD+ UNLOAD 
CKOUT CKIN CKOUT CKIN CLOCK 
Pa 1R OUT tR OUT 
es ees a ae 
eee Se S Fi 
SOIT 
e iolicda (ee es rae 
Dl 5 DO 5 Be 
OE 
C OUTPUT 
CrEAN ENABLE 
INPUT 
READY OUTPUT 
10-BIT 
pemea ena DATA 
CLR OE ouT 








OR 
OUT 


V 
or 
zo 


















UNLD UNLD~ 
CKOUT CKIN 


{R OUT 
DI1 


NC 


O12 
5 BIT 
DATA 

tN 


DI3 
bl4 
DI5 


FIGURE 2 — EXPANDING THE ‘S225 FIFO (48 WORDS OF 10 BITS SHOWN) 
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Support Functions 





6-2 





INDEX TO SUPPORT FUNCTIONS 


Octal Buffers and Line Drivers (3-State Outputs) 


"LS240, "LS241,"LS244, "S240, S241 eee ne ek tebe eee eee aed ee ee ee ee ele eee 
"ESBAQ, SLSG4T. . chy ciaka op RE Sos eds WHR Poe Dee awe e 
SSA0 S941 SSAA ay Sieh A ES eS ee Ra Re 
*S740,/S741,/S744 | on ces eee oe we bee Se oe ew ER 


Bus Transceivers ‘' 


"LS242,'LS243 (4-Bit)h ... ce ee ees 
'$226:(4-Bit:Latched):. siasccs aes ean So biete'a cosa 6 See areca edew Quo eew be diab dade ee Ue ua one: Aah) Wie 
'LS440 thru 'LS444 (4-Bit Tridirectional) ............... 
'LS245 (8-Bit, 3-State Outputs) 2.0... ee ee ee ee 


'LS620 thru ’LS623 (8-Bit, Open-Collector and 3-State Outputs) 
'LS640 thru ’LS645 (8-Bit, Open-Collector and 3-State Outputs) 


Clock Generators 


"LS424 (2-Phase) 2. ke ee ee ee ee ee eee 
"LS362 (4-Phase) ........ Bb hkia that ahah Sires ain ee tg eins ths 


8-Bit Universal Shift/Storage Registers 


TES ZO S200: ni fice Ae Se Sra WA RE he bo Ont @ Gree wes 
DLS a: vith a6 gu de AG he We A oat SW ad ae GL ee aah ed 


Latches 


"LS373, 'LS374, 'S373, 'S374 (Octal D-Type Transparent) .... 
"S412 (Multi-Mode Buffered) 2.2... ... eee ee eee eee 
"LS604 thru ‘LS607 (Octal 2-Input Multiplexed) .......... 


Controller and Bus Driver for 8080A Systems 


ALG SSE: 8 Mg te pry Ai ete way wes ain wiles Sie Sco hn Re) a Erne Spat ayaa a reas mar ete Pak Bale hate pave ts 


BCD-to-Binary and Binary-to-BCD Converters 


484 BIBS ead we we eal en esas Rea ae o ed dae 


Memory Refresh Controllers 


*LS600 thru "LS60S." sect ove ee awe vals eed Soe oe 


Memory Cycle Controllers 


ESO08 iv conta be be ne te Od eee eaard waa See wks 


Memory Mappers 


‘ES610-thrit"ES613) © 3s. ech ok etd dee oatnbeeee Sees 


16-Bit Error Detection and Correction Circuits 


"ES630; LSGST «tied eae hs be Peek Wes Sea ee Pee 


Cr 


CY 


Ce 


Cr 
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6-15 
6-21 


6-35 
6-42 
6-82 


6-55 


6-67 


6-80 


6-86 
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TYPES SN54$226, SN748226 
MSI 4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 


BULLETIN NO, DL-S 12477, OCTOBER 1976—REVISED AUGUST 1979 





SN54S226 ... J PACKAGE 


e Universal Transceivers for Implementing System 
SN74S226 .. . J OR N PACKAGE 


Bus Controllers 


(TOP VIEW) 

e Dual-Rank 4-Bit Transparent Latches Provide: iy 

— Exchange of Data Between 2 Buses In One STROBE GBA | 1 | 16} Yec 

Clock Pulse S1 SEL STROBE GAB 

— Bus-to-Bus Isolation 

— Rapid Data Transfer Al $2 SEL 

— Full Storage Capability “3 me B1 
e Hysteresis at Data Inputs Enhances Noise Rejection BUSA ,3 Be 

2 1/0 

© Separate Output-Control Inputs Provide sue B 

Independent Enable/Disable for Either Bus Output Aa B3 
e 3-State Outputs Drive Bus Lines Directly OCBA B4 


GND OCAB 





description 


These high-performance Schottkyt TTL quadruple bus transceivers employ dual-rank bidirectional four-bit transparent 
latches and feature three-state outputs designed specifically for driving highly-capacitive or relatively low-impedance 
loads. The bus-management functions implemented and the high-impedance controls offered provide the designer with 
a controller/transceiver that interfaces and drives system bus-organized lines directly. They are particularly attractive 
for implementing: 

Bidirectional bus transceivers 

Data-bus controllers 


The bus-management functions, under control of the function-select (S1, S2) inputs, provide complete data integrity 
for each of the four modes described in the function table. Directional transparency provides for routing data from or 
to either bus, and the dual store and dual. readout capabilities can be used to perform the exchange of data between the 
two bus lines in the equivalent of a single clock pulse. Storage of data is accomplished by selecting the latch function, 
setting up the data, and taking the appropriate strobe input low. As long as the strobe is held high, the data is latched 
for the selected function. Further control is offered through the availability of independent output controls that can be 
used to enable or disable the outputs as shown in the output-control function table, regardless of the latch function in 
process. Store operations can be performed with the outputs disabled to a high impedance (Hi-Z). In the Hi-Z state the 
inputs/outputs neither load nor drive the bus lines significantly. The p-n-p inputs feature typically 400 millivolts of 
hysteresis to enhance noise rejection. 





BUS-MANAGEMENT FUNCTION TABLE 


MODE A-TO-B B-TO-A 
STROBES 
CONTROLS LATCHES LATCHES OPERATION 
GAB GBA 
1 - 2 
Trans Trans PassBtoA 
Latch Trans 

Latch Trans Read out stored data 





Trans Trans Pass A toB 

Latch Trans 
Latch Trans Read out stored data 
Trans Latch Trans Latch Read in both buses 
Latch —_ Latch Latch — Latch Store bus data 


H = high level L = low level X = irrelevant Latch = latched Trans = transparent 


Copyright © 1979 by Texas Instruments Incorporated 
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TYPES SN54S8226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 





logic symbolt 


functional block diagram (positive logic) 


$1 
S2 


GAB 
GBA 


OCAB 
OCBA 










Al 


[ead [oamb sv} 
Llo7 wraojiosisn | 


A2 
A3 


A4 


ONE OF FOUR VV 
TRANSCEIVERS 


tThis symbol is in accordance with IEEE 
Std 91/ANSI Y32.14 and current discussions 





r 
1 
{ B 
in !EC and IEEE. 1 | 
| I 
| 
| 
| 
| 1 
| ! 
! | 
I I 
| l 
| 1 
I 1 
Le) lee re cee es | ee es ee | 
TO THREE OTHER TRANSCEIVERS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vcc (see Note 1) wie ats Cane Ss “aS, Ap BY wee, Se Se Be Be ya ood ES ce a, Bacal TEV 
Input voltage: ce. ae 4 ae Se ie te et em Se - Be x. es Age ee Bo Bee SE ed ate “by, Ge a DEV. 
Off-state output voltage Bw a Re oe A ee a ae de Ge .55V 
Operating free-air temperature range: SN54S226 (see Note2) . . . . . . . . . . «.. 85°C to 125°C 
SN74S226 ga) Be a a we dk Te ee Ge Gy ad ap me es BOO 70 
Storage temperature range Cig Ok ae Boe a Hen BO OOM. a aoe Bw S68 Ct 160°C 


NOTES: 1, Voltage values are with respect to network ground termina!, 


2. An SN54S226 in the J package operating at temperatures above 113°C requires a heat-sink that provides a thermal resistance from 
case to free air, Racy, of not more than 48°C/W. 
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TYPES SN548226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 





recommended operating conditions 





| _snsasz26_—|——_su7asz26 
UNIT 
MIN NOM MAX [MIN NOM MAX | 
High-level output voltage, Von 
High-level output current, IoyH 
t 
t 


7 
Setup time, tsy 
To Strob aes i ee 
Hicta ire ot 0 
a 
Operating free-air temperature, T a (see Note 2) —55 125 


t The arrow indicates that the tow-to-high transition of the strobe input is used for reference. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONSt MIN TYP MAX 
Vil} High-level input voltage 
Vit _ Low-level input voltage as ee 
Vik Input clamp voltage Vec=MIN, 1)=—18mA 
SN54S226 Vec=MIN, Vip=2V, 2.4 3.3 
V High-level output voltage Vv 
One ere SN748226 | ViL=O0.8V, IoH=MAX 24. 2.9 


Vec=MIN, ViH=2V, 
VoL Low-level output voltage ViL=0.8V, loL=15mA V 

; Off-state output current, Vec = MAX, Vip =2V, GK 

02H jb igh-level voltage applied Vo=2.4V 


Off-state output current, Vec=MAX, Vip=2V, 


! 
See low-level voltage applied Vo =0.5V 


I Input current at maximum input voltage Vcc = MAX, Vy =5.5 V 


tH High-level input current Voc = MAX, Vi =2.7V 
Ne Low-level input current DORE ees Vcc = MAX, V,;=0.5V 


log — Short-circuit output current § Vcc = MAX 
Icc Supply current Vcc = MAX, See Note 3 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
fan typical values are at Voc = 5 V, Ta = 25°C. 
§Not more than one output should be shorted at a time and duration of the short-circuit should -not exceed one second. 
NOTES: 2. An SN54S226 in the J package operating at temperatures above 1 13°C requires a heat-sink that provides athermal resistance from 
case to free air, Rgc,a, of not more than 48°C/w. 
3. lec is measured with all inputs (and outputs) grounded. 
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TYPES SN54S226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 





switching characteristics, Vcc = 5 V, TA = 25°C 


FROM 
PARAMETER TEST CONDITIONS MIN TYP MAX|UNI 
ranameren | (INPUT) ee | _tesreonoirions | mim rye max ur 
20. 30 
PLH Aor B BorA 
| PS 80 | 
Select 
eee i i ee 
Strobe GBA See Note 4 
AorB 
Output Control 
AorB 
a OCBA or OCAB 
| tpHz Output Control! a as CL=5pF, Ri = 2800, 
OCBA or OCAB See Note 4 


teLH = Propagation delay time, low-to-high-level output 
















tPHL = Propagation delay time, low-to-high-level output 
tZH = output enable time to high level 

t2,_ = output enable time to low level 

tHz = output disable time from high level 

tLz = output disable time from low level 


NOTE 4: Load circuits and voltage waveforms are shown on page 1-14. 
applications 


The following examples demonstrate four fundamental bus-management functions that can be performed with the 
‘S226. Exchange of data on the two bus lines can be accomplished with a single high-to-low transition at S2 when $1 is 








high, 
‘S226 ‘$226 
CONTROL CONTROL CONTROL CONTROL 
BUS B-»BUS A BUS A+>BUS B STORE A AND/OR 8 READOUT A AND B 

~-----—-—>- VIH 
$2 VIL 

CONTROL 
VIH 
$1 VIL 
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TYPES SN54LS240,SN541S241/SN54LS244,SN54S240,SN54S241, 
SN74LS240,SN74LS241,SN74LS244,SN74S240,SN74S241 


OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 


AUGUST 1979 






Typical Typical Typical Propagation Typical Typical Power 
lo. !oH Delay Times Enable/ Dissipation — 
(Sink (Source Disable (Enabled) 
Current) Current) Inverting Noninverting Times Inverting Noninverting 
SNS54LS' 12mA -—12mA 10.5 ns 12 ns 18 ns 130 mW 135 mW 
SN74LS' 24mA -—15mA 10.5 ns 12 ns 18 ns 130 mW 135 mW 
SN54S’ 48 mA —-12mMmA 4.5 ns 6 ns Ons 450 mw 538 mW 
SN74S' 64 mA -15mA 4.5 ns 6 ns 9ns 450 mW 538 mw 
SN54LS240, SN54S240...J 
e 3-State Outputs Drive Bus Lines SN74LS240, SN74S240...J OR N 
or Buffer Memory Address Registers (TOP VIEW) 


a al a 


e P-N-P Inputs Reduce D-C Loading 


. jze}_| |_| wa] 
e Hysteresis at Inputs Improves ah aba 
description Hee 


These octal buffers and line drivers are designed 


specifically to improve both the performance and 
density of three-state memory address drivers, clock a rf tf NX 
drivers, and bus-oriented receivers and transmitters. 


The designer has a choice of selected combinations of 
inverting and noninverting outputs, symmetrical G 
(active-low output control) inputs, and comple- 
mentary G and G inputs. These devices feature high 





SN54LS241, SN54S241....J 
SN74LS241, SN74S241...J OR N 


fan-out, improved fan-in, and 400-mV noise-margin. (TOP VIEW) 
The SN74LS’ and SN74S’ can be used to drive Mee, a 2 2 2 
terminated tines down to 133 ohms. 20 res |_[is] 


schematics of inputs and outputs 
‘LS240, 'LS241, 'LS244 


EQUIVALENT OF 
EACH INPUT 





TYPICAL OF ALL 
OUTPUTS 


Vee 


Seley = 
BoM 


SN54LS244...J 
SN74LS244...JORN 
(TOP VIEW) 





a] ha] 


"$240 ‘S241 


EQUIVALENT OF 
EACH INPUT 


Vec 


"LS240, ‘'LS241,‘LS244; 
R =50 2 NOM 
"$240, ‘S241: 
R = 25-2 NOM 


2¥4 1A2 2Y3 1A3 2v2 2 
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TYPES SN54LS240,SN54LS241,SN54LS244, 


SN74LS240,SN74LS241,SN74LS244 
BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 





absolute maximum ratings 
Same as SN54LS245 and SN74LS245 on page 6-13. 


recommended operating conditions 











SN54LS’ SN74LS’ 
CMIN NOM MAX [MIN Nom Max | UNIT 
Pas 5 55/475 8 5.25 





PARAMETER 







Supply voltage, Vcc (see Note 1) 









High-level output current, [OH a 9 8 
Low-level output current, ToL 
Operating free-air temperature, TA —55 125 0 70 





NOTE 1: Voltage values are with respect to network ground terminal, 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 















































































SN54LS’ SN74LS’ 

i t [| SNS4LS’ 

RAMETER TEST CONDITIONS MIN TYPE MAX IMIN TYPE MAX UNIT 
Vint Highvievel put volts a ee 
Vi____Lowlevel input voltage aE) SEL 77 (RR 
Vik Input clamp voltage Vec=MIN, _j=-18@mA [SPCC VY 

Hysteresis (V74 — V7— : Vcc = MIN 0.2 0.4 0.2 0.4 
ony eae HN Nes aac Ba 24 34 
VoOH High-level output voltage us ue OH ” Vv 
VoL Low-level output voltage Vin =2V, Vv 
Vit = Vimax | OL = 24mA 3} 
Off-state output current, a . 
'OZH high-level voltage applied a a VO ae’ “e A 
; Off-state output current, ae =v , Vn =04V 20 : 
O2ZL jow-level voltage applied Ye Adeceal (ica tahoe ~ 
Input current at maximum - _ 
tH High-level input current, any input Veco =MAX, = Vy =2.7V 
ii —scowever ne corn Vog=MAX, Vy =oav | 02 | SO 
los Short-circuit output current Vcc = MAX —40 —225 } —40 —225 
Outputs high Z 17 27 17 27 
ree ca mae EOE eS AE 
Icc Supply current aces aera’ Outputs open [S24t. 18244 27. 46 27-46 
Alloutputs | P's 9PM FT g240 2950 2950 
disabled "LS241, ‘LS244 32 54 









Tt For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
+All typical values are at Veg = 5 V, Ta = 25°C. 
*Not more than one Output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER , TEST CONDITIONS 


fend Propagation delay time, 
low-to-high-level output 
PHL Propagation delay time, 
high-to-low-level output 


tPZL Output enable time to tow level 
tPZH Output enable time to high level 









"LS240 *LS241, ‘LS244 UNIT 
MIN TYP MAX | MIN TYP MAX 


12 18 
12 18 


230200 | ms | 
| ns | 
Lns | 
ne 





















CL =45 pF, R= 6672, 
See Note 2 







w 


— 
ol 





0 
23 15 23 
5 


tPLz Output disable time from low level CL=5pF, RL = 6672, 15 25 
tPHZ Output disable time from high level | See Note 2 | 10 10 18 | 


NOTE 2: Load circuit and voltage waveforms are shown on page 1-15. 
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TYPES SN54S240, SN54S241, SN74S240, SN74S241 
BUFFERS/LINE DRIVERS/LINE RECEIVERS WITH 3-STATE OUTPUTS 


REVISED AUGUST 1979 





absolute maximum ratings 
Same as the SN54S740 and SN74S740 maximum ratings on page 6-106. 
recommended operating conditions 


PARAMETER 


Supply voltage, Vcc (see Note 1) 45 5 §5 [4.75 5 5.25 


High-level output current, IoOH 


Low-level output current, lo_ 


External resistance between any input or Vcc and ground 
Operating free-air temperature, Ta (see Note 3) 





NOTES: 1. Voltage vatues are with respect to network ground terminal, 


3. AnSN54S241J operating at free-air temperature above 116°C requires a heat sink that provides a thermal resistance from case to 


free-air, Raca, of not more than 40°C/W. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST COND!TIONST 


[eas oa ae ees 
Pe nee 
Vcc =MIN, 1) =—-18mA 
0.2 04 
Vec=MIN,  Vip=2V, 
Vit =08V, loH=—-1 mA 

SN54S’ and | Voc=MIN, Vin =2V, 
SN74S° ViL=0.8V, IoH=—-3mA 
SN54S' and | Vcc =MIN, Vip =2V, 
SN74S’ ViL=05V, loH=MAX 
Vcc =MIN, Viy=2V, 
Vit =908V, ior =MAX 


Off-state output current, 

loZH |. Vo=24V 
high-level voltage applied 
Off-state output current, 

t . 5 Vo =0.5V 
low-level voltage applied 


Input current at maximum 


t Vcc =MAX, V,=5.5V 
| input voltage ce ; 


tH High-level input current, any input Vcc =MAX, Vj =2.7V 
We Low-level input current Vcc =MAX, V,=0.5V 
los Short-circuit output current® Vcc = MAX 
; SNS4S' 
Outputs high 
SN74S' 


5 Vcc = MAX, | SN54S’ 
t 
ce deal Outputs open | SN74S' 


Outputs |snsas' 
disabled SN74S' 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
TAI typical values are at Voc =5 V, Ta = 25°C, 
*Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, TA = 25°C 


MIN TYPE MAX | MIN TYPE MAX 
2 


SN74S' 


N 
~N 


| 
= 
nN 


at 
b 
w 
rs 


VOH — High-level output voltage 


Low-level output voltage 






























NOTE 4: Load circuit and voltage waveforms are shown on page 1-14. 
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PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX 

Propagation delay time, 
t 

Propagation delay time, Cy = 50pF, RL =902, 
t 
PHL high-to-low-level output See Note 4 ae i 
tpz____ Output enable time to low level eae a eee ee ee 
tPZH Output enable time to high level ee) eee ae ee 
tPLZ Output disable time from low level C_ = 5pF, RL=900, [ 10) S| 1015 | ns | 
ipHz__ Output disable time from high level | _See Note 4 Pe OO Oe | 
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TYPES SN54LS240,SN54LS241, 
SN54LS8244,SN54S240,SN54S241,SN74LS240, 
SN74LS241,SN74LS244,SN74S240,SN74S8241 


OCTAL BUFFERS AND 





DRIVER 
1/8 'LS241/'S241 


REPEATER 


LINE DRIVERS WITH 3-STATE OUTPUTS 
Gh RECEIVER 
1/8 ‘LS 





1/8 ’LS241, 'S241 


INPUT | 5 | > "LS241, ‘S241 | 5 241, ‘S241 | > ‘LS241, ‘S241 | > OUTPUT 
AS CL ors 






-i 
ts 
4 


a. 
oT. 
i 





OUTPUT 








INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT 
’LS241, ‘S241 USED AS REPEATER/LEVEL RESTORER 
CONTROL OR MICROPROGRAM ROM/PROM 
OR 
MEMORY ADDRESS REGISTER 
OUTPUT 
CONTROL 
SYSTEM AND/OR MEMORY-ADDRESS BUS 
‘LS241,'S240 USED AS SYSTEM AND/OR MEMORY BUS DRIVER-4-BIT 
ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 
1/4 'LS241. ‘S2. PARTY-LINE * ys 
eee eat MULTIPLE-INPUT/OUTPUT BUS pian 
——— 4 alae 
OUTPUT FROM INPUTA INPUT B 
PORTS DATA 
BUS 
TO OTHER |. TO OTHER 
BUFFERS I | BUFFERS 
OUTPUT OUTPUT 
OUTPUT-PORT 
CONTROL 
BUS RECEIVERS BUS 
CONTROL INPUT OUTPUT CONTROL 
HH B A tO 
H L B B H L 
L L A B H H 
_—_ L H A A L H 
INPUT oe HooL NONE NONE L oH 
BUS 
PARTY-LINE BUS SYSTEM 
WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 
External resistance between any input of the ‘S240 or ’S241 
{ and ground or Vcc must not exceed 40 k&2, 
6 INPUT-PORT 
| CONTROL 





INDEPENDENT 4-BIT BUS DRIVERS/RECEIVERS 
IN A SINGLE PACKAGE 
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e Two-Way Asynchronous Communication 
Between Data Buses 


e P-N-P Inputs Reduce DC Loading 


e Hysteresis (Typically 400 mV) at Inputs 
Improves Noise Margin 


description 


These four-data-line transceivers are designed for 
asynchronous two-way communications between 
data buses. The SN74LS’ can be used to drive term- 
inated lines down to 133 ohms. 


FUNCTION TABLE (EACH TRANSCEIVER) 


"LS242 
DATA PORT 
STATUS 


"LS243 
DATA PORT 
STATUS 


CONTROL 
INPUTS 


ISOLATED ISOLATED 
' re) | O 


*Possibly destructive oscillation may occur if the 
transceivers ara enabled in both directions at once. 


|= Input, O = Output, O= Inverting Output. 


schematics of inputs and outputs 


EQUIVALENT 
OF EACH INPUT 


Vcc 


TYPICAL OF 
ALL OUTPUTS 


= Vcc 
Le 50 2 NOM 





absolute maximum ratings 


Same as SN54LS245 and SN74LS245 maximum ratings on page 6-13. 


recommended operating conditions 






Supply voltage, Vcc (see Note 1) 
High-level output current, OH 











NOTE 1: Voltage values are with respect to network ground terminal. 











TYPES SN54LS242, SN54LS243, SN74LS242, SN74LS243 


QUADRUPLE BUS TRANSCEIVERS 


AUGUST 1979 





SNS54LS242...JORW 
SN74LS242 ...JORN 
(TOP VIEW) 


NC 





SNS4LS243...JORW 
SN74LS243 ...JORN 
(TOP VIEW) 









anu 





NC—No internal connection 





SN54LS’ SN74L9S’ 
[MIN NOM MAX|MIN NOM MAX | 
aa | ae Le 
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TYPES SN54LS242, SN54LS243, SN74LS242, SN74LS243 
QUADRUPLE BUS TRANSCEIVERS 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


Veo= MIN, = —18mA 


Vcc =MIN, Vip =2V, 
Vir= Vit max, IOH =—3mMA 
Vcc =MIN, ViIH=2YV, 
ViL =0.5V, toH = MAX 
Vcc =MIN, 
VIH=2V, 
Vit-= Vit max 


SNS4L9S’ 
MIN TYP? MAX 


SN74LS’ 
MIN TYP? MAX 
















TEST CONDITIONST 





i nN 
9° 
wl 


o 
N 
o 
a. 
Oo 
NR 
oO 
aA 


nN 
aS 
wW 
= 
Nn 
> 
w 
= 


Vou High-level output voltage 


j 
; 


lo. = 12 mA 0.25 0.4 





VOL Low-level output voltage 









oO 
nN 
or 
o 
eS 


| | | 

N 
wld — So ‘ 
oO} a iS) a) 


loL = 24mA 0.35 0.5 


Off-state output current, aie Gama 
02H high-level voltage applied ae au ’ o=2. 
IH = ’ 
Vo=04V ~200 rr 





Off-state output current, 
'oZL : Vit = Vit max 
low-level voltage applied 
I neue current at maximum Voc = MAX, =5.5V 
input voltage GAB or GBA =7V 
lH High-level input current, any input Vcc = MAX, Vp~=2.7V 
; Vcc = MAX, V,;=0.4V, 
Aner GAB and GBA at Vy, max 
Vcc = MAX, Vv, =0.4V, 
GAB and GBA at2 V 


GAB or GBA | Vcc = MAX, V,)=04V 
tos  Short-circuit output current® Vcc = MAX —40 


3 


rE = = 
os ear ea Be < < 5 es fal fa Ie 


i 


N 


Low-level 


3 
> 


input current B inputs 









—0,2 
40 —22 


oa 


mA 




















| 
nN 
Nn 
| | 
o oo) 
g fe) nN to 





Outputs high *LS242, ’LS243 22 2 3 
Vcc = MAX, 7 ; 
Outputs low LS242, 'LS243 29 50 
lcc Supply current Outputs open, "S242 [2950 mA 
All outputs See Note 2 : 
disabled Ls2a3 3 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 

FAI typical values are at Vcc = 5 V, Ta = 25°C. 

*Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 2: Icc is measured with transceivers enabled in one direction only, or with all transceivers disabled, 





switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETE TEST CONDITIONS UNIT 
| _raramerer == |__Tesrconoirions YP MAX |MIN TYP MAX unr 
P ion delay time, : 
eis hebagstien lelay time 12 18 
low-to-high-level output 
Propagation delay time, CL = 45 pF, RL = 667 Q, 
P 12 18 











MIN T 
tpz_ Output enable time to low level 
tPZH Output enable time to high level 15 23 
tPLZ Output disable time from low level | CL =5 pF, RL=6672, | 1528 | 15 25 
tPpHz Output disable time from high level. See Note 3 


NOTE 3: Load circuit and waveforms are shown on page 1-15, 


t 
ae high-to-l ow-level output See Note 3 
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MSI OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 


BULLETIN NO, DL-S 12471, OCTOBER 1976—REVISED FEBRUARY 1979 





e Bi-directional Bus Transceiver in a SN54LS245 ... J PACKAGE 
High-Density 20-Pin Package SN74LS245 ...J OR NPACKAGE 
(TOP VIEW) 


e 3-State Outputs Drive Bus Lines Directly 


e P-N-P Inputs Reduce D-C Loading on 
Bus Lines 










ENABLE 
i 





ra] 





e Hysteresis at Bus Inputs Improve Noise 
Margins 


@ Typical Propagation Delay Times, 
Port-to-Port... 8 ns 


e Typical Enable/Disable Times ... 17 ns 





'OL 10H 
TYPE (SINK (SOURCE 
CURRENT) CURRENT) 
SN54LS245 12 mA —12mA EE Es EY oi 
SN74LS245 24 mA —15mA 





positive logic: see function table 


These octal bus transceivers are designed for asynchronous two-way communication between data buses. The control 
function implementation minimizes external timing requirements. 


description 


The device allows data transmission from the A bus to the B bus or from the B bus to the A bus depending upon the 
logic level at the direction control (DIR) input. The enable input (G) can be used to disable the device so that the buses 
are effectively isolated. 





The SN54LS245 is characterized for operation over the full military temperature range of —55°C to 125°C. The 
SN74LS245 is characterized for operation from 0°C to 70°C. 


schematics of inputs and outputs FUNCTION TABLE 


DIRECTION 
CONTROL OPERATION 


EQUIVALENT OF EACH INPUT] TYPICAL OF ALL OUTPUTS 


ENABLE 


BES Vec G 
Baa 50 2 NOM 


9kQ NOM 


B data to A bus 
A data to B bus 
Isolation 





H = high level, L = low tevel, X = irrelevant 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). ee ee eee ee ee ees 7V 
INDULVOIAGE. “Cai Va auekerd ke G2) Suet yee Ek Ee ered tees we eee Rane wa wen Se 3 ey 
Off-state:output Voltage ccc. ck iene ee ek week eS Bree wie eee ce Ree wate a RE Boe ea Shel awl 5.5V 
Operating free-air temperature range: SN54LS° 1 ce ee ne —55°C to 125°C 

SNZAES? <i opatwid ae nas stag chal as Miaka bela gv ERE 0°C to 70°C 
Storage temperature range ow ee wet eee ee ee ee eee eee tees —65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 


Copyright © 1979 by Texas Instruments Incorporated 
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TYPES SN54LS245, SN74LS245 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 


REVISED FEBRUARY 1979 





recommended operating conditions 


PARAMETER SN54LS245 SN74LS245 UNIT 
Min NOM MAX [MIN NOM MAX 


[Supp vohawe, Veg —SCSC“S*S*SC“‘“S*SCSCSC~‘“ia ASC] VY 
[Fighlevel outputcurent Io} ——SSCSCSCSCSCSC“‘“‘“<~“SS | ma 
[Operating eesir emperatue, Ta —SSSSSSSCSC~“‘*‘“*‘“‘“sOSC*C“‘CNBS#;=COS#*#*#*‘é‘gOd;C“~ 











electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN 245 SN74 
PARAMETER 54LS LS245 re 


TEST CONDITIONSt 
MIN TYP? MAX |MIN TYP? MAX 
Vii _ High-level input voltage eee A Eee 
Vit Lowslevel input voltage fees ae ea 


aaa 
[Vikc_lnput clap voltage | Veg = MIN, =—18mAp 8 | 8 |v 
[Hivsierss (Vqe— Vr Aer Bip Voc=MIN._——=sédi(O@ OA —Cdt OCs CY 


ViIH =2V, Vv 
Vv 
20 


Vip =2V, 
LA 
I 
O2L low-level voltage applied 


Vit = VIL max 
er og IL ae 
maximum input voltage Be NTIS 2s ONE ook 
ig Hiatal peceeivaye™_- =". | Wee =aies uaa (on ao 
Ne Low-level input current Vcc = MAX, Vit=04V [020.2 | mA 


TEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
FAII typical values are at Voc = 5 V, Ta = 25°C. 
q Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 






















VoH High-level output voltage 















VoL Low-level output voltage 





Off-state output current, 





102H 






high-level voltage applied 










Off-state output current, 















lec Supply current 





switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER : TEST CONDITIONS MIN TYP MAX | UNIT 


Propagation delay time, | ka 


low-to-high-level output ia | 
2740 ns_ 
25 40 ns _ 













tPLH 
















Cy = 45 pF, R_ =6672, See Note 2 


tpz_ Output enable time to low level 
tPZH Output enable time to high level . 
tpLz Output disable time from tow level 


tpHz Output disable time from high level 







‘ Propagation delay time, 
PHL high-to-low-level output 
es Riera oy eas 3 





NOTE 2: Load circuit and waveforms are.shown on page 1-15. 
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1] TTL TYPES SN54LS299, SN54S299, SN74LS299, SN74S299 
LS! 8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS. 


BULLETIN NO. DL-S 12115, MARCH 1974—REVISED FEBRUARY 1979 





© Multiplexed Inputs/Outputs Provide 


. . SN54LS299, SN54S299 ... J PA 
Improved Bit Density SN74LS299, SN74S299 ... JOR N BRCKAGE 
© Four Modes of Operation: (TOP VIEW) 
Hold (Store) Shift Left 
Shift Right Load Data 









SHIFT 
LEFT RIGHT 
F/Og D/OQp B/Qg CLOCK sR 





e Operates with Outputs Enabled or at High Z 






eo 3-State Outputs Drive Bus Lines Directly 
o Can Be Cascaded for N-Bit Word Lengths 


© SN54LS323 and SN74LS323 Are Similar 
But Have Synchronous Clear 






Qn’ H/QH F/QF D/QD B/OQg 














eo Applications: 
Stacked or Push-Down Registers. 
Buffer Storage, and 
Accumulator Registers 


G/Qg_ E/OE AIQA Qa’ CLEAR 





c/Qc 


























GUARANTEED TYPICAL Bi Se Get Bar eae Aon. OGae. HEA 
TYPE SHIFT (CLOCK) POWER Berto 

FREQUENCY DISSIPATION CONTROLS 
"LS299 35 MHz 175 mw 


description 


These Schottkyt TTL eight-bit universal registers feature multiplexed inputs/outputs to achieve full eight-bit data 
handling in a single 20-pin package. Two function-select inputs and two output-control inputs can be used to choose 
the modes of operation listed in the function table. 


Synchronous parallel loading is accomplished by taking both function-select lines, SO and S1, high. This places the 
three-state outputs in a high-impedance state, which permits data that is applied on the input/output lines to be clocked 
into the register. Reading out of the register can be accomplished while the outputs are enabled in any mode. A direct 
overriding input is provided to clear the register whether the outputs are enabled or off. 


FUNCTION TABLE 


INPUTS INPUTS/OUTPUTS OUTPUTS 


FUNCTION| OUTPUT SERIAL 
CLEAR| SELECT |CONTROL |CLOCK A/Qq B/Og C/Qg D/Qp E/Og F/OQF G/Og H/Oy 
SLSR 


|st__so_|Git_ Gat | 
L L x m SO) L L L L L L L L L 
Clear 
x Xx]}oL L L L L L L L L L 
L X | Qa90 Qp0 Aco Apo PEO AFO AGO AHO |Qa0 AHO 


- 
rx 
ra as 
~ 


pe waa ©, 
xr 
xr 
r[r ec 


rt 
- r- 
It 
r 


t x H H Q Qa Q 
t x L L Qan OBn A[Cn An CEn AFn AGn 

Shift Left t H X 1 QBn Qcn Opn PEn AFn AGn Ann H Qgn 4H 
t LX} QBn Ocn Opn ATEn An AGA AHn L /Qgn iL 


tWhen one or both output controls are high the eight input/output terminals are disabled to the high-impedance state; however, 
sequential operation or clearing of the register is not affected. 


bo 
= eRe 
r 
en 


= 
i om 





a...h= the level of the steady-state input at inputs A through H, respectively. These data are loaded into the flip-flops while the flip-flop 
outputs are isolated from the input/output terminals. See explanation of function tables on page 1-13. 


Copyright © 1979 by Texas Instruments Incorporated 


TEXAS I] NSTRUMENTS Tintegrated Schottky-Barrier diode- §.45 
clamped transistor is patented by Texas 7 
INSORPORATED Instruments. U.S. Patent Number 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 3,463,975. 





TYPES SN54LS299, SN54S299, SN74LS299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 


functional block diagram 








a 
‘a 


il 
ak 
Ae 
ar 
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TYPES SN54LS299, SN74LS299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 


REVISED FEBRUARY 1979 





schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF OUTPUTS TYPICAL OF OUTPUTS 
Qa THRU O, Qa: THRU Qy: 


Vec 


Vcc “420 2 NOM 


OUTPUT 


S0,S1: Reg= 9kQ NOM 
All other inputs: Reg= 18 kQ NOM 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 6. 1 ww ee ee ee eee LTV 
Input Voltage: one are 2 4) Se hee OS ae eee Bo Bite ee Cad) 4 ee Tae eae Se a ee oe a EM 
Off-state output voltage 6 ww we ee ke ee ee ee BV 
Operating free-air temperature range: SN54LS299 5. 7 ww. ww ke ee ee ee ee 55°C to 125°C 

SN740S299> cats te He eo ph ws Bi ea Ma a ws @, OOO TOC 
Storage temperature. a, bee te & Fw Bowe ee ds Bre ae a Ge a hE el © & Bb -O16150°C 


NOTE 1: Voltage values are with respect to network ground terminal, 


recommended operating conditions 


SN54LS299 SN74LS299 
MIN NOM MAX | MIN) NOM MAX 


Supply voltage, Vcc 4.75 5 5.25 


. Qa thru Qy 
High-level output current, !OH ry 7 
A’ or H’ 
Qa thru Q 
Low-level output current, Io. a ra} a 
A’ or H’ 


Clock frequency, fotock 0 


Clock high 











w 
o 


NO 
oO 
N 
oO 


Width of clock pulse, tw(clock) 


N 
(=) 
NO 
o 


° 
| 
ae 
ro) 


: Clock low 
Select 30t 30t 
High-level data® 201 20t 
Low-level data? 20t 20t 
Clear inactive-state 20t 20t 
Select 10t 10t 
Data® ot ot 
—55 125 


N 
Oo 
nN 
oO 


= 
NR 
ay 







Setup time, tsy 









Hold time, tp 





Operating free-air temperature, Tp 





Data includes the two serial inputs and the eight input/output data lines. 
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TYPES SN54LS299, SN74LS299 | 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 


REVISED FEBRUARY 1979 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54LS299 
MIN TYP? MAX 









SN74LS299 
MIN TYP? MAX 


Cc 
= 
4 


PARAMETER TEST CONDITIONSt 


° 
N 


Vit Low-level input voltage 


Vik Input clamp voltage Vec =MIN, 1) =—-18 mA 
Qa thru Qy Vec=MIN, Vin=2V, | 24 3.2 
Qa’ or Qh’ Vit =Vitmax, !oH =MAX 2.5 3.4 


2.4 3.1 


Vv High-level output volt 
OH High-level output voltage 2.7 3.4 


lo. =12mA 0.25 0.4 
Qa thru Qy Vcc =MIN, ca 
VoL Low-level output voltage VIH=2V, 
Qa’ or Oy VIL = Vitmax OE 









w 
ol 
oO 


lol =8mA 
Vcc = MAX, Vin =2V, 
Vo =2.7V 
igi. Vcc = MAX, Vip =2V, 
low-level voltage applied Vo =0.4V 


‘ Ane . $0, $1 
nput current at maximum 
1; : : Athru H Vn = MAX 
input voltage cc 
Any other 


A thru H, SO, $1 
Vcc = MAX, Vjp=2.7V 
Any other 


Off-state output current, 
102H high Qa thru Qy 


level voltage applied 


Off-state output current, 


Oa thru Qy —400| uA 


i) 
° 
(24) 


Vi=a7V 
V,=5.5V 
Vij=7V 


= 


uy 
a NO 
oO o 


Ww 
W 
a 
wo 


11H = High-level input current 


= 


‘= 


Ne Low-level input current Vcc = MAX, Vv; =0.4V 


Any other 


Qa thru Qy RASA —30 
Qa’ or Qy ee —20 =100 
Voc = MAX 33 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
Fatt typical values are at Voc = 5 V, Ta = 25°C, 
8Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER’ EneM oe TEST CONDITIONS MIN TYP MAX | UNIT 
(INPUT) (OUTPUT) 


5 
i 22 
—— Clock Qa! or Qy CL=15pF, RL=2k2, 

Scene See Note 2 


tPHL pal er OH 


t 
CL=45pF, R,_=6652, 


‘PHL Cath OH See Note 2 
t sees Souk 
wan G1, G2 Qa thru Qy 
PZL : 
; =a CL=5pF, RL = 6652, 
Eble G1, G2 Qa thru Qy aphake L 
tPLZ See Note 2 


1 fax = maximum clock frequency 
tpLH = Propagation delay time, low-to-high-leve! output. 
tepHL = propagation delay time, high-to-low-level output 
tpZH = output enable time to high level 
tpz_ = output enable time to low level 
tpHz = output disable time from high level 
tpLz = output disable time from low level 
NOTE 2:For testing fmax, all outputs are loaded simultaneously, each with Cy and Ri as specified for the propagation times, See load 
circuits and waveforms on page 1-15, 


los  Short-circuit output current 8 


ol 
i 


Icc Supply current 





wo 


N 
~N 
oS 
o 


NO 
o 
p~ 
o 


=j> nN] = 
Oy} Ww ain 
i¢) 
© 





= 
° 

= 

oa 


‘ 
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TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 





schematics of inputs and outputs 


EQUIVALENT OF CLOCK AND 
CLEAR INPUTS 


Vec 


Reg = 2.8 k2 NOM 
Req = 3.5 k NOM 


TYPICAL OF OUTPUTS 


Qa THRU Oy 


EQUIVALENT OF G1 


AND G2 INPUTS 


Vec 
2.8 kQ 
NOM 


TYP! 


EQUIVALENT OF A THRU H?, SO, S1, 
SHIFT RIGHT, AND SHIFT LEFT INPUTS 


Vec 


tWhen 3-state Outputs are disabled, 


CAL OF OUTPUTS 
Qa’ AND Oy: 


Vcc 


50 22 NOM 


OUTPUT 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1)... 
Inputvoltage ........2.24. 
Off-state output voltage . .... 


Operating free-air temperature range: SN54S299 (see Note 2) 


SN74S299. ..... 


Storage temperature 


. 8 6 


NOTES 1:!Voltage values are with respect to network ground terminal. 


recommended operating conditions 





High-level output current, IoH 


Low-level output current, Io 
Clock frequency, folock 
Width of clock pulse, tw(clock) 


Width of clear pulse, ty(clear) 


Setup time, tsy 


Hold time, th 





Operating free-air temperature, Ta 


©Data includes the two serial inputs and the eight input/output data lines, 


ca me 1 ae rg 
Pan'orGy +f SCO 
Pageant a a 
De 
[Clockhigh [| 10 —S«+dY~SSCSC~S 
cee oe a 
Pceriow | SCY OSCSC~CS 
a 
aes ae ee 


.7V 
5.5V 
Ree et ae ee a as ee ... 5SV 
Coe ee ee ee es 55°C to 125°C 
0°C to 70°C 

. -65°C to 150°C 


SN74S299 
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TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 
[Vin Hebiewtinptvorege —C“‘“‘“‘;<‘irRTTCUd 
Vi, towlevel input voltage SSS iT 


' . | Qa thru Qy Vec=MIN, Vip =2V, 2.4 3.2 

VOoH High-level output voltage 
Qa’ or Oy’ ViL=08V, loH =MAX 2.7 3.4 

Vv Low-level output voltage Weer MMe: MIB as V 

ow- u 

ob . : ViL=08V, IoL =MAX 
Off-state output current, an ankice Voc =MAX, Vip =2V, 
r 
02H high-level voltage applied nn Vo =2.4V 
—250 


pA 

Off-state output current, Vcc = MAX, Vip =2V, 
!o2L ; Qa thru Qy uA 
low-level voltage applied Vo =0.5 V 


y Input current at maximum input voltage Vcc = MAX, V,=5.5V 
. : A thru H, SO, $1 

Ny High-level input current Veco =MAX, V,=2.7V uA 
Any other 

ne Low-level input current Ke ae Vcc = MAX, V,=0. LA 
Any other | A | 

oe Qa thru Qy —40 

los Short-circuit output current§ Vcc = MAX m 

Qa’ or Qy’ —20 


icc Supply current Vcc = MAX 140 225 mA 


tEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
Faun typical values are at Voc = 5 V, Ta= 25°C. 
§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 





switching characteristics, Vcc = 5 V, TA = 25°C 


FROM TO 
PARAMETER TEST CONDITIONS MIN TYP MAX ] UNIT 
(INPUT) (OUTPUT) 






See Note 2 50 70 MHz 


t 12 20 
Clock Gxtordy CL =16pF, Ay- 1kA, 
Seahorse 


t 


Qa’ or Qy 


CL=45pF, R_= 2802, 


1,G2 Qa thru Qy 
tPZL e. 
t St i CL =5pF, Ri = '2802, 2 
a tinicn L=BP L eee) 
tPLZ See Note 3 7 12 


Vonax = maximum clock frequency 
tPLH = Propagation delay time, low-to-high-tevel output. 
tPHL = Propagation delay time, high-to-low-level output 
tpZH = output enable time to high level 
tPZL = Output enable time to tow level 
tpHz = output disable time from high level 
tpLz = output disable time from low level 
NOTE 3: For testing fmax, all outputs are loaded simultaneously, each with Cy and Ry as specified for the propagation times. See load 
circuits and waveforms on page 1-14, 


oO)! 
Q| 








E 
GQ) 
NR 
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description 


TTL | | TYPES SN54L$323, SN74LS323 
LSI 8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 


BULLETIN NO. DL-S 12462, OCTOBER 1976—REVISED AUGUST 1979 





Multiplexed Inputs/Outputs Provide SN54LS323 .... J PACKAGE 
Improved Bit Density SN74LS323 ...J OR N PACKAGE 
(TOP VIEW) 


e Four Modes of Operation: 
Hold (Store) Shift Left 
Shift Right Load Data 


@ Operates with Outputs Enabled or at High Z 














SHIFT SHIFT 
LEFT RIGHT 
is o ri a FH a CLOCK sR 














e 3-State Outputs Drive Bus Lines Directly 

e Can Be Cascaded for N-Bit Word Lengths 

@ Typical Power Dissipation ... 175 mW 

¢ Guaranteed Shift (Clock) Frequency . . . 30 MHz 






H/OH =F/QF D/Op 8/Og 

















Gi0g  E/Qe CiOc A/QaA a’ CLEAR 


e Applications: 
Stacked or Push-Down Registers, 
Buffer Storage, and 
Accumulator Registers 


SN54LS299 and SN74LS299 Are Similar 
But Have Direct Overriding Clear’ 





so rest eS i Bi e U7 Ee a GND 





OUTPUT 
CONTROLS 


logic: see description and function table 


These Low-Power Schottkyt eight-bit universal registers feature multiplexed inputs/outputs to achieve full eight-bit data 
handling in a single 20-pin package. Two function-select inputs and two output-control inputs can be used to choose 
the modes of operation listed in the function table. Synchronous parallel loading is accomplished by taking both 
function-select lines, SO and S1, high. This places the three-state outputs in a high-impedance state, which permits data 
that is applied on the input/output lines to be clocked into the register. Reading out of the register can be accomplished 
while the outputs are enabled in any mode. The clear function is synchronous, and a low level at the clear input clears 
the register on the next low-to-high transition of the clock. 


FUNCTION TABLE 















INPUTS 
Ee Reed 
CLEAR Ee aed CLOCK A/Qq B/Og C/Qcg D/Op E/O¢ F/Of¢ G/Og H/Qy 
SL ser _cat | SL__SR 





rr 
rx 
xr 
= 
= 
x 


t 
nis x x ae a a = a az a5; a5 aa a 
L x “Ag 2 Qco soe QEq OFO AGO AHO [Pao AHO 
OBn Qp 


Q Q Q H Qa 
shite Ria shire iabe| | n En Fn Gn Gn 


Opn ne Qpn [En OAFp Ain “Go 
t 


x = ae Qpn OEn AFn AGn Ann 
See be ar ee ee ee Se ee 


X | QBn QOcn Apn AEn AFn [Gn An L oi 
TWhen one or both output controls are high the eight input/output terminals are disabled to the high-impedance state; however, 


a = 
xr 
xr 
cre 
ror 
x xX 


P= = 
c- re 
pa 
roe 
c- 
ine 
set 


= 
- 
r 
i 
- x 








sequential operation or clearing of the register is not affected. 


- h = the level of the steady-state input at inputs A through H, respectively. These data are loaded into the flip-flops while the flip-flop 


outputs are isolated from the input/output terminals. See explanation of function tables on page 1-19. 


schematics of inputs and outputs, absolute maximum ratings, recommended operating conditions, and 
electrical characteristics 


Same as SN54LS299 and SN74LS299, see page 6-17. 





Copyright © 1979 by Texas Instruments Incorporated 


TEXAS I NSTRUMENTS (Trintegrated  Schottky-Barrier  diode- 
clamped transistor is patented by Texas 
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TYPES SN54LS323, SN74LS323 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 





functional block diagram 


$1 so 


CLEAR 









SHIFT 
(18) LEFT 
SHIFT SERIAL 
RIGHT INPUT 
SERIAL 
INPUT 
FOUR 
IDENTICAL 
CHANNELS 
NOT 
SHOWN 
CLOCK 
ae 17) oy. 


outrut JS! 
CONTROLS } G2 
AlQa B/Og G/Qg H/Qy 
INPUTS/OUTPUTS NOT SHOWN: 
(6) C/Og (5) E/O¢ 
(14)0/Qp (15) F/Qe 


switching characteristics, Vcc = 5 V, Ta = 25°C 


FROM TO 
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
[Panamerent | (INPUT) (OUTPUT) }__resreonorrions | wm ve max | un 
MHz 


t = 15 pF, = 22. ~ +33 
ack Bator ous CL=15pF, RL =2ko, 2 
tPHL See Note 1 6 39 


é 
ock Qa thru Qy 
CL=45pF, RL = 6652, 






t ee 


Sao CL =5pF, RL = 665 2, 10 15 
ru 

- a See Note 1 10 15 

Wt axe = maximum clock frequency 


tpLH = propagation delay time, low-to-high-level output 


tpHL = Propagation delay time, high-to-low-level Output 
tp2H = Output enable time to high level 


tpz_, = output enable time to low level 
tpyz = output disable time from high level 


tp_z = output disable time from low level 
NOTE 1: For testing fray, all outputs are loaded simultaneously, each with C._ and R__ as specified for the propagation times. See load 
circujts and waveforms on page 1—15. 
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TTL TYPES SN74S340, SN74S341, SN74S344 
MSI OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 
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TOL 10H 


Typical Typical Typical Typical Typical 
(Sink (Source Propagation Enable Disable 
Current) Current) Delay Times Times Times 
‘$340 64 mA 15mA 8 ns 17 ns 11 ns 
‘S341 64 mA 15mA 9ns 14 ns 16 ns 
‘$344 64 mA 15mA 9ns 14 ns 14 ns 
e Pin-for-Pin Compatible With SN74S240 Series 
e 3-State Outputs Drive Bus Lines or Buffer Shai esate tT CH NE ACKAGE 


(TOP VIEW) 


Vec 26 v1 2A4 1¥2 2A3 1¥3 2A2 1v4 2A1 


eae 
ee aa 


1G TAT 2va 1A2 2v3 TAZ 2v2 1A4 2v1 GND 





Memory Address Registers 





e@ Typical Input and Output Capacitances, 
<10 pF 


e 300 mV Guaranteed Hysteresis at Inputs 
Improves Noise Margins 


description 


These octal buffers and line drivers are designed 
specifically to improve both the performance and 
density of three-state memory address drivers, clock 
drivers, and bus-oriented receivers and transmitters. 
The designer has a choice of selected combinations of 
inverting and noninverting outputs, symmetrical G 
(active-low output control) inputs, and comple- SN74S341...J OR N PACKAGE 
mentary G and G inputs. These devices feature high (TOP VIEW) 

fan-out, improved fan-in, 700-—mV typical noise 2A4-1¥2, 0 2A3— 1Y3) 2A21¥8 
margin, and the capability of driving lines with ter- 
minations as low as 133 ohms. 





SN74S340 FUNCTION TABLE 


| 1@ | 2@ | iyvouteuts | 2yY outputs 
H H z Z 


Enabled 
(Inverting) 








Z 





















Enabled 2 
(Inverting) 
Enabled Enabled 


2¥4 tA2 2¥3 1A3 2¥2 1A4 2yv1 





(Inverting) (Inverting) 


$N74S341 FUNCTION TABLE SN74S344 ... JOR N PACKAGE 


[16 | 2G [| 1voutputs | 2Y ouTPuTS . (TOP VIEW) 
z 


Enabled 












Vcc 26 1v1 2A4 1¥2 2A3 1¥3 2A2 1v4 2A1 


cab 1717 
ae 
Ce 


1G 1A1 2v4 VA2 2¥3 1A3 2¥2 TA4 2¥1 GND 


Zz Zz 


Enabled Enabled 
Enabled Zz 





SN74S344 FUNCTION TABLE 


| 1G | 26 | 1voutputs | 2y ouTPUTS 
Z z 


Zz Enabled 


Enabled Zz 
Enabled Enabled 





Z = high impedance (output off) 
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TYPES SN74S340, SN74S341, SN74S344 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 





schematics of inputs and outputs 


EQUIVALENT OF TYPICAL OF ALL 
EACH INPUT OUTPUTS 


Vcc 
25 2 NOM 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 0. ee ee eee eee eens 7V 
INPUE Voltage: eked cay hina te ee oe ie eels ele: Sb Soto dd i A eg aoe aS eared ok Ws ries 5.5V 
Off-state:output-voltage .teshi6 andthe Gk eed ean ae eee erie! ae whos: Rear teat a eh Sok Ne ee, ans 5.5 V° 
Operating free-air temperature range 5... et ee ee en eee eee nae 0°C to 70°C 
Storage temperature range «1... ee ee ee ee ee eee eee —65°C to 150°C 


recommended operating conditions 


PARAMETER 
Supply voltage, Vcc (see Note 1) 


High-level output current, IQ} 
Low-level oul current, lo. 





NOTE 1: Voltage values are with respect to network ground terminal. 
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TYPES SN74S340, SN74S341, SN74S344 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 





electrical characteristics over recommended operating conditions (unless otherwise noted) 


PARAMETER TEST CONDITIONST Sse Sie eShiseaT UNIT 
MIN TYP* MAX] MIN TYP* MAX 
V 


Vr _Negative-going thesholdvoliage | —S=s=—~—~—“—~C*C~C~—~C*CSCS~C~sC(B OBO OB O_O | 
a aoe eS LC 
[Wie osramovetags [Vepsmin este [gfe 


_ 2, 
lon = —1 mA 
Vcc =MIN, Vipn=2V, 
Vit =0.5V, 10H = —3 MA 
Vcc =MIN, 
Vit =0.5 V, 


Vcc =MIN, 
VoL Low-level output voltage ¥ OBV 
IL=¥.oOV, 
Off-state output current, 
02H high-level voltage applied 
Off-state output current, 
O2ZL low-level voltage applied 
Input current at maximum 
y : Vcc = MAX, 
input voltage 
1H High-level input current, any input Vcc = MAX, 


Ne Low-level input current wn Vcc = MAX, V;=0.5V 
[ AnyGorG P20 = 250 | BA 
los Short-circuit output current® Vcc = MAX —50 —225; —-5O —225 
Outputs high 
Vcc = MAX, 
Outputs open | Cutputsiow | 170] 180 | ma 
utputs ope 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
Fall typical values are at Vcc = 5 V, Ta = 25°C. 
*Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


VoH | High-level output voltage 


lec Supply current 





switching characteristics, Vcc =5 V, TA = 25°C 


SN74S340 SN74S341 SN74S344 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX 


a ee) a ee eee 
cL= 50 pF, -00, [8 [8 __2[_ 8a as | 
See Note 2 2 i 
GL= bor, AL = 80m, a7 | 6s | ta 28 


NOTE 2: Load circuit and voltage waveforms are shown on page 1-14, 

















tpLH = Propagation delay time, low-to-high-level input 
tpy_ = Propagation delay time, high-to-low-level input 
tpz_ = Output enable time to low level 

tpZH = Output enable time to high level 

tpLz = Output disable time from low level 

tpHz = Output disable time from high level 
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TYPES SN74S340, SN74S341, SN74S344 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 





TYPICAL APPLICATION DATA 


DRIVER RECEIVER 
SN74S341 REPEATER REPEATER REPEATER SN74S341 


INPUT ls 5 SN74S341 [5 SN74S341 le SN74S341 EB OUTPUT 
CL ots 17S a. 


one 
ts 
t 








INPUT OUTPUT INPUT OUTPUT TNPUT _~ OUTPUT INPUT OUTPUT INPUT OUTPUT 
SN74S341 USED AS REPEATER/LEVEL RESTORER 


CONTROL OR MICROPROGRAM ROM/PROM 
OR 
MEMORY ADDRESS REGISTER 


OUTPUT 
CONTROL 





SYSTEM AND/OR MEMORY-ADDRESS BUS 


SN74S340 USED AS SYSTEM AND/OR MEMORY BUS DRIVER-4-BIT 
ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 


Fsw7asseo | 
| 





+— 










FROM 
OUTPUT DATA 
PORTS BUS 
SN748341 PARTY-LINE calvaesas 
DRIVER MULTIPLE-INPUT/OUTPUT BUS DRIVER 
_—— 4 eae lh ee 
INPUT A INPUT B 
TO OTHER |. TO OTHER 
BUFFERS l | BUFFERS 
| G OUTPUT-PORT OUTPUT OUTPUT 
CONTROL 

J 

| 

\ 

I 

a ee ae | 

INPUT ee BUS RECEIVERS BUS 
PORTS BUS CONTROL INPUT OUTPUT CONTROL 
H H B A L L 
H L B B H L 
L L A B H H 
t oH A A lL oH 
H L NONE NONE L H 
: NEEOL. PARTY-LINE BUS SYSTEM 
WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 
INDEPENDENT 4-BIT BUS DRIVERS/RECEIVERS 
IN A SINGLE PACKAGE 
679 
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Mm TTL TYPE SN74LS362 (TIM9904) 
MSI FOUR-PHASE CLOCK GENERATOR/DRIVER 


BULLETIN NO. DL-S 12476, OCTOBER 1976—REVISED FEBRUARY 1979 





SN74LS362 ...J OR N PACKAGE 


® Clock Generator/Driver for The oe viEW 


TMS 9900 or Other Microprocessors 
e High-Level 4-Phase Outputs Va ot ca ms aL ra = a 
e Complementary TTL 4-Phase Outputs 


© Self-Contained Oscillator Can be 
Crystal or Capacitor Controlled Be Se a seus. fee Py 


e External Oscillator Can Be Used TANK 1 


e Clocked D-Type Flip-Flop With 
Schmitt-Trigger Input For Reset 
Signal Synchronization 


TANK 2 FFQ FFD re i 


description TANK ie) UI a a 7 a 
1 2 1 TTL TTL 





The ‘LS362 consists of an oscillator, divide-by-four counter, a second divide-by-four counter with gating to generate 
four clock phases, high-level (12-volt) output drivers, low-level (5-volt) complementary output drivers, and a D-type 
flip-flop controlled by an external signal and the $3 clock. The four high-level clock phases provide clock inputs to a 
TMS 9900 microprocessor. The four complementary TTL-level clocks can be used to time memory or other logic 
functions in a TMS 9900 computer system. The D-type flip-flop can be used to provide (for example) a reset signal to a 
TMS 9900, timed by $3, on receipt of an input to the FFD input from power turn-on or a manual switch closure. Other 
applications are possible. A safety feature has been incorporated in the ¢ outputs such that if an open occurs in the 
Vcc supply common to 'LS362 and TMS 9900, the ¢ outputs wil! go low thus protecting the TMS 9900. 


The frequency of the internal oscillator can be established by a quartz crystal or capacitor and LC circuit. Either a 
fundamental or overtone crystal may be used. The LC circuit connected to the tank inputs selects the desired crystal 
overtone or establishes the internal oscillator frequency when a capacitor is used instead of a crystal. An LC circuit 
must always be used at the tank inputs when using the internal oscillator. An external oscillator can be used, if desired, 
see ‘Applications Information” for details. 





CAUTION: Power dissipation at 3 MHz requires the use of a heat sink that provides a thermal resistance from case 
to free air, R@ca, of not more than 32°CW. 


typical phase relationships of inputs and outputs (OSC is internal) 


Copyright © 1979 by Texas Instruments Incorporated 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 





functional block diagram 


TANK 1 SL 


TANK 2—(2) 


XTAL 1 ue) 


XTAL 2-119) 


oscin_!17) 





OSCILLATOR 





O> CK a> cK 
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e 
: PRE 
db a Da 


fo} 









i\/ \7 S/ 


| 
L 


777 V/ 


> 


[~ 12vsection | 


(16) 
OSCOUT 


(12) $1 


(11) 
o2 


(8) $3 


(9) 48 


(14) _ 
o1 TTL 


(15) $2 TTL 


(7) $3 TTL 


(6) $4 TTL 


(4) Aco 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 





schematics of inputs and outputs 


EQUIVALENT OF D INPUT EQUIVALENT OF OSCIN INPUT EQUIVALENT OF XTAL 1 AND 
XTAL 2 INPUTS 


Vec eae Vcc 


20 k2 NOM 
2.3 k2 NOM 


EQUIVALENT OF TYPICAL OF TYPICAL OF OSCOUT, Q, AND 
TANK INPUTS 1, 62, 63 AND $4 OUTPUTS ALL 6 TTL OUTPUTS 


Vec 


Vec vip 100 2 NOM 


OUTPUT 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) } 6 
Supply voltage: Vcc (see Note 1) 2. we eee eee LTV 
Vpp. (see. Note Us «0 we Aca ed ee ae hy ble ON a oe ee ees Bowe ee a 1S 
Input voltage: OSCIN: 2. 5 ke ae we ee ee ee ee ew ee SEV 
FED oe. ie “i hs eur’ eh BAe ee Oe de ee Ba A a A, en Ee Aye Bee ~~ OESWT0'7V; 
Operating free-air temperature range... ww ew ee ee ee 0°C to 70°C 
Storage temperature range . 2... ee ee ee ee ee ee ee ee 65°C to 150°C 


NOTE 1: Voltage values are with respect to the network ground terminals connected together. 


recommended operating conditions 


Supply voltages 
ATK Ce 
Aokionnsianeakentloa Mi 
rierasedeaip = laa 
Mm. 


[Eternal oscifator pule width, twos) Sd | 
=D a 
=208 aa 


IThe algebraic convention where the more negative limit is designated minimum is used in this data sheet for time intervals only. 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 


REVISED FEBRUARY 1979 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN Typt MAX {UNIT 
VIH High-level input voltage 


ee ee ee 
awievel PC 
VIL . Vv 
7 










<j< 


Tie tenor ampvonage —_____|VOg= A78V,_Vop =a, Wentema 
Vou High-level 1, 62, ¢3, 64 1oH = —100 pA 
output voltage Other outputs| Vpp = 11.4 V to 12.6 V OH = —400 nA 

$1 62,69.04 


OL =a mA 
fot =8 mA 
mA 


8 
; 0.4 
: 0.4 
: 0.5 

Input current at ViH7V 
; Vec =5.25V, Vpop = 12.6 V 
maximum input voltage] OSCIN =5.5V 0.3 
20 
—3. 

05 

12 20 







| 


Low-level 
output voltage 


Vcc =4.75 V, Vpp=11.4V 


VOL 






Other outputs 





= i [e) 
4 
b 
3 
> 







| ! er) 
Short-circuit All except 
Outputs open 
Voc =5.25V, Vpp =12.6V, 


Tall typical values are at Voc = 5 V, Vpp = 12 V, Ta = 25 C. 
ENot more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. Outputs $1, $2, $3, 
and $4 do not have short-circuit protection. 





switching characteristics, TA = 25°C, Vcc = 5 V, Vpp = 12 V, fose = 48 MHz, see figure 1 


PARAMETER 


TEST CONDITIONS MIN TYP MAX 





















fout Output frequency, any ¢ or 6 TTL ee 

fout Output frequency, OSCOUT a ee 
a 
st 
a 
[4055 70 || 
poss 
eo 
ee ae ra 
01,99,04: 100eF weno [73886 | re 
$2: 200 te GNO [783 96 [| 
Others: RL = 2k2, | 738s 96 | ns | 
eeeieee [758396 |e 
See Note 2 er a aH ee 

toL, TH Delay time, én low to _ TTL high | -29 -19 -9 | ns | 
ates 
a 
p=80 200 |e 

tgH, OSOL Delay time, @ high to OSCOUT low | 27-17 7 [os 





NOTE 2: Use load circuit for bi-state totem-pole outputs, page 1-15. 


IThe algebraic convention where the more negative limit is designated minimum is used in this data sheet for time intervals only, 
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TYPE SN74LS362 (TIM9904) 


FOUR-PHASE CLOCK GENERATOR/DRIVER 


PARAMETER MEASUREMENT INFORMATION 





SWHOSSAVM JDVLIOA SOILSINSLOVYVHS ONJHOLIMS— Lb AYNDIS 


Lndino 
034 


LNdNI 
Gad 


LNOIDSO 


-+4¢—pl- HOSO ‘14) 


1080 ‘H, vo 





ep 


----}|----|--------F 


1 HZO “Thy 








! ! | 
l-HEd ‘HZ, thie re oh 
| 

| 
| | 
| 1 


e-HL¢ ‘Hb; ‘ ¢—HZ? ‘HLd,; ol 
eo aaa aa | 
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TYPE SN74LS362 (TIMS9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 





6-32 


APPLICATION INFORMATION 


Figure 2 shows the 'LS362 connected to a TMS9900. The oscillator is shown operating with a quartz crystal and an 
LC circuit connected to the tank terminals. 


For operation of the TMS 9900 microprocessor at 3 MHz, the frequency reference will need a resonant frequency of 
48 MHz (16 x 3 MHz). A quartz crystal used as a frequency reference should be made for series-mode operation with a 
resistance in the 20- to 75-ohm range and be capable of a minimum of 2 mW power dissipation. Typical frequency 
tolerance is 0.005%. For 48-MHz operation a third-overtone crystal is used. The inductance L connected across the 
tank terminals should be 0.47 wH + 10%, and the capacitance C (including board capacity) should be 22 pF + 5%. The 
LC circuit should be tuned to the third-overtone crystal frequency for best results. A 0.1-uF capacitor can be substi- 
tuted for the quartz crystal. With a capacitor rather than a crystal, the LC tuned circuit establishes the operating 
frequencies. LC component values for operation at any frequency can be computed from fosc = 1/(2m/LC) where 
fosc is the oscillator frequency, L is the inductance value in henries, and C is the capacitance value in farads. 


When the internal oscillator is being used, OSCIN should be connected to Vcc through a resistor (1 kQ. nominal) and 
an LC tank circuit must be connected to the tank inputs. An external oscillator can be used by connecting it to OSCIN 
and disabling the internal oscillator by connecting the crystal terminals to Vcc and leaving the tank inputs open. An 
external oscillator must have a frequency four times the desired output clock frequency and a 25% duty cycle. See 
Figure 3. 


The first low-level external clock pulse will preset the divide-by-four counter, allowing the external oscillator signal to 
directly drive the phase generator. Figure 3 is a timing diagram illustrating operation with an external oscillator. 


Resistors between $1, 2, 3, and $4 outputs of the 'LS362 and the corresponding clock input terminals of the TMS 
9900 should be in the 10- to 20-ohm range. (See Figure 2). Their purpose is to minimize overshoot and undershoot. 
The required resistance value is dependent on circuit layout. Clock signal interconnections should be as short as possible. 


The D-type flip-flop associated with pins FFD and FFQ can be used to provide a power-on reset and a manual reset to 
the TMS 9900 as shown in Figure 4. A Schmitt-trigger circuit driving the D input generates a fast-rising waveform when 
the input voltage rises to a specific value. At power turn-on, voltage across the 0.1 uF capacitor in Figure 4 will rise 
towards Vcc. This circuit provides a delay that resets the TMS 9900 after Vcc has stabilized. An optional manual 
reset switch can be connected to the delay circuit for resetting the TMS 9900 at any time. The TMS 9900 HOLD 
signal could alternately be actuated by FFD. 


The ground terminals GND1 and GND2 should be connected together and to system ground. 





QUARTZ 
CR YSTAL boa 


"LS362 TMS 9900 
(TIM93904) MICROPROCESSOR 
CLOCK 
DRIVER 


+5V +12V 
FIGURE 2—’LS362 CRYSTAL-CONTROLLED OPERATION 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 





APPLICATION INFORMATION 


gee 
pee Nee 
eee 
oe 


FIGURE 3—EXTERNAL OSCILLATOR TIMING 


*LS362 
(TIM9904) 


TMS 9900 
MICROPROCESSOR 





OPTIONAL 
MANUAL RESET 


SWITCH : 
FIGURE 4—POWER-ON RESET 
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TTL 
MSI 


TYPES SN54LS373, SN54LS374, $N54S$373, SN54S374, 





Choice of 8 Latches or 8 D-Type Flip-Flops 

In a Single Package 

3-State Bus-Driving Outputs 

Full Parallel-Access for Loading 

Buffered Control Inputs 

Clock/Enable Input Has Hysteresis to Improve 
Noise Rejection 

P-N-P Inputs Reduce D-C Loading on 

Data Lines (S373 and 'S374) 


SN54LS363 and SN74LS364 Are Similar But 
Have Higher Voy, For MOS Interface 


‘LS373, ’S373 
FUNCTION TABLE 


OUTPUT ENABLE 
D OUTPUT 
ENABLE LATCH 


H 
L E x Qo 
H x x Z 


"LS374, 'S374 
FUNCTION TABLE 
OUTPUT 


ENABLE CLOCK D OUTPUT 


L t H 

L t L L 
L L xX Qo 
H x Xx z 


See explanation of function tables on page 1-13. 




















description 


BULLETIN NO. DL-S 12350, OCTOBER 1975 — REVISED JUNE 1979 





SN74LS373, SN74LS374, SN74$373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 


EDGE-TRIGGERED FLIP-FLOPS 





J PACKAGE 


SN54LS373, SN54S373... 
SN74LS373, SN74S373 ... J OR N PACKAGE 
(TOP VIEW) 


ENABLE 
Ver ri a] oO 8] 0 ra oy ra] fit] 


ea sinieta a 


Le Ea Ea o Ea ie 
CONTROL , 


logic: see function table 


SNS4LS374, SN54S374 ... J PACKAGE 
SN74LS374, SN74S374 ... JOR N PACKAGE 


(TOP VIEW) 





OUTPUT 10 
CONTROL 












logic: see function table 


These 8-bit registers feature totem-pole three-state outputs designed specifically for driving highly-capacitive or 
relatively low-impedance loads. The high-impedance third state and increased high-logic-level drive provide these 
registers with the capability of being connected directly to and driving the bus lines in a bus-organized system without 
need for interface or pull-up components. They are particularly attractive for implementing buffer registers, 1/O ports, 


bidirectional bus drivers, and working registers. 


The eight latches of the 'LS373 and ‘S373 are transparent D-type latches meaning that while the enable (G) is high the 
Q outputs will follow the data (D) inputs. When the enable is taken low the output will be latched at the level of the 


data that was set up. 


Copyright © 1979 by Texas Instruments Incorporated 
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TYPES SN54LS373, SN54LS374, SN54S373, SN54S374, 
SN74LS373, SN74LS374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 





description (continued) 


The eight flip-flops of the ‘LS374 and ‘S374 are edge-triggered D-type flip-flops. On the positive transition of the clock, 
the OQ outputs will be set to the logic states that were setup at the D inputs. 


Schmitt-trigger buffered inputs at the enable/clock lines simplify system design as ac and dc noise rejection is improved 
by typically 400 mV due to the input hysteresis. A buffered output control input can be used to place the eight 
outputs in either a normal logic state (high or low logic levels) or a high-impedance state. In the high-impedance state 


the outputs neither load nor drive the bus lines significantly. 


The output control does not affect the internal operation of the latches or flip-flops. That is, the old data can be 
retained or new data can be entered even while the outputs are off, 


OUTPUT 
CONTROL 


1D 


2D 


3D 


4D 


5D 


6D 


7D 


8D 


(1) 


(3) 


(4) 


(7) 


(8) 


(13) 


(14) 


(17) 


(18) 


°LS373, 'S373 
TRANSPARENT LATCHES 


(2) 


(5) 


(6) 


(9) 





I 
= 


(19) 


ENABLE (71) 
G > 


10 


2Q 


30 


40 


50 


6Q 


7a 


8a 


"LS374, ‘S374 


POSITIVE-EDGE-TRIGGERED FLIP-FLOPS 


OUTPUT 
CONTROL 


2D 


3D 


4D 


5D 


6D 


7D 


8D 


CLOCK 


(1) 


(3) 


(4) 


(7) 


(8) 


(13) 


(14) 


(17) 


(18) 





(11) . 





6-36 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


1076 


TYPES SN54LS8373, SN54LS374, SN74LS373, SN74LS374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 





schematic of inputs and outputs 'LS373 


EQUIVALENT OF DATA AND EQUIVALENT OF ENABLE INPUT TYPICAL OF ALL OUTPUTS 
OUTPUT CONTROL INPUTS 


Vcc 
100 2 NOM 


a Vec sees 
Req 17k NOM 
INPUT -- 
INPUT 
OUTPUT 
Data: Reg = 20k NOM 


Output control: Reg = 18 k2 NOM 


Vec 





‘LS374 


EQUIVALENT OF EQUIVALENT OF OUTPUT EQUIVALENT OF TYPICAL OF ALL OUTPUTS 
DATA INPUTS CONTROL INPUT CLOCK INPUT 


Vec 100 2 NOM 


Vv mares Vv a 
ce ee : 17k2 NOM 
30 k2 NOM 18 k@ NOM 
INPUT ae INPUT —_ 
OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Vcc 








Supply voltage, Vcc (see Note 1) Mee ly, Gan in. an Oe a cae A ay OO UR Oe A iat, Yes SEV 
INput Voltage. oc a. vais. CW ee See ee MA ee a Ay te 2 ee ee Jed el Ss Day EO ae eH 7V 
Off-state output voltage dese o> toa te. Sia. Ge. ley Mees aie dee den See set ge ee oat ade ue, wy. “See ad ten a 7V 
Operating free-air temperature range: SN54LS’ . . 2. ww wk ee ee ee ee «655°C to 125°C 

SN74US? i as de> on. Gu hs a> “la EG a te ee OO te 70 C 
Storage temperature range . 2. 1 we ee ke ee ee ee ee ee ee 65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal, 


recommended operating conditions 


Supply voltage, Vcc 
High-level output voltage, VoH 
High-level output current, |oH 





N The arrow indicates the transition of the clock/enable input used for reference: t for the low-to-high transition, {for the high-to-low transi- 
tion. 





877 5 

TEXAS INSTRUMENTS 6-37 
INCORPORATED 

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


6-38 


TYPES SN54LS373, SN54LS374, SN74LS373, SN74LS374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 


REVISED AUGU 1977 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54LS’ SN74LS’ 
PARAMETER TEST CONDITIONSTt UNIT 


MIN TYPt MAX 
Vit Low-level input voltage he en ule te ee oe lel 
Vec =MIN, Vip =2V, 


Vv High-level output voltage 
OH e - Vit=Vitmax, lop = MAX 
Vec=MIN, Vip =2V, lol =12 mA 0.25 


Vv Low-level output voltage 
Vis Viiurex lon 2am 
' Off-state output current, Veco = MAX, Vip =2V, 20 A 
02H high-level voltage applied Vo=2.7V ‘i 
\ Off-state output current, Vcc =MAX, ViH=2V, 
02. low-level voltage applied Vo =04V 
Input current at 
1 cts Vcc =MAX, Vi=7V 
maximum input voltage 


WH High-level input current Vec=MAX, Vy =2.7V 
Ne Low-level input current Vcc =MAX, Vi =0.4V 
log — Short-circuit output current§ | Voc = MAX —30 —130 


j Lee epee Vcc = MAX, ‘LS373 
u urren 
ce tad Output control at 4.5 V *"LS374 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
EAIl typical vatues are at Voc = 5 V, Ta = 25 C, ; 
§ Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 





















° ° 
Lh ~ 
° 
NO 
oa 
° 
fey 








N 


NIN 
NS 

| 
pls N 
o1o 3° ° 


switching characteristics, Vec =5V,T, = 25°C 


FROM TO "LS373 "LS374 
PARAMETER TEST CONDITIONS UN 
[ panameren | (INPUT) (OUTPUT) | _tesrconpirions | MIN TYP MAX [MIN TYP MAX |.~ 


ee epee eevee: 
t 
Deta pene 


C_ =45pF, RL =6672, 
Clock or E-rh, Be 

Any Q See Notes 2 and 3 
Ouro 

Any Q 
Output aes CL=5pF, Ri =6672, 12 20 12. 20 

n - 

Control See Note 3 1525 14 25 


NOTES: 2, Maximum clock frequency is tested with all outputs loaded. 
3. See joad circuits and waveforms on page 1-15. 










fmax = Maximum clock frequency 

tpLH = propagation delay time, low-to-high-level output 
tpHL = Propagation delay time, high-to-low-level output 
tp7H = output enable time to high level 

tpz_ = output enable time to low level 

tpHz = output disable time from high level 

tpLz = output disable time from low level 
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TYPES SN54S8373, SN54S374, SN74S373, SN74S$374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 





schematic of inputs and outputs 


EQUIVALENT OF EACH INPUT 


EDGE-TRIGGERED FLIP-FLOPS 


TYPICAL OF ALL OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 

Input voltage Buran VEt be 

Off-state output voltage nn eee 

Operating free-air temperature range: SN54S’ 
SN74S' 

Storage temperature range 


NOTE 1: Voltage values are with respect to network ground terminal, 


recommended operating conditions 


High-level output voltage, Voy 
High-level output current, |OyH 


: } High h 
Width of clock/enable pulse, ty a 
Data setup time, t. = 
a e, 
i su ‘$374 
‘S373 
Ry en | ‘S373 
‘S374 


Operating free-air temperature, Ta 


7.3 


7V 
5.5 V 

.. . 5.5V 
—55°C to 125°C 
0°C to 70°C 
—65°C to 150°C 





t The arrow indicates the transition of the clock/enable input used for reference: t for the low-to-high transition, 1 for the high-to-low transi- 


tion, 
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TYPES SN54S8373, SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


ViH__ High-level input voltage ee ae 
Vit Low-level input voltage eee eee ee ee! 
VIK Input clamp voltage Veco = MIN, t) =—18 mA 


| snsas’ | Voc = MIN, Vin=2V, 
Vv High-level output volt 
OR) aE eee. USN gas? Vit = 0.8 V, lon = MAX 
Vec = MIN, ViIH=2V, 
V Low-level output voltage 
Obs ee acaba ViL = 0.8 V, lot = 20 mA 


Off-state output current, Vec = MAX, ViIH=2V, 


OZH  high-tevel voltage applied Vo=2.4V 


Off-state output current, Vcc = MAX, Vin =2V, 
O2L low-level voltage applied Vo = 0.5 V 


a0 


‘S373. 
, Me ee URREMAK . ee ed 
se ana ante ‘S374 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
# All typical values are at Vec=5V, Ta= 25°C, 
Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 


switching characteristics, Vag = 5 V, Ta = 25°C 


parameter | FROM iE restconpitions = |_‘S878_{_378_l jg 
(INPUT) (OUTPUT) MIN TYP MAX |MIN TYP MAX 


: : 
ee ee ee 
PHL CL=15pF, Ry, = 2802, 
Glock o 
Any Q See Notes 2 and 4 
Control 18d 
Contra See Note 3 Poe ie eae 


NOTES: 2. Maximum clock frequency is tested with all outputs Joaded. 
4. See jJoad circuits and waveforms on page 1-14. 
















fmax = maximum clock frequency 

tpLH = propagation delay time, low-to-high-level output 
tPHL = propagation delay time, high-to-low-level output 
tpzH = output enable time to high level 

tpz_ = output enable time to low level 

tpHz = output disable time from high level 

tpLz = output disable time from low level 
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TYPES SN54LS374, SN54S374, SN74LS374, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 


TYPICAL APPLICATION DATA 





BIDIRECTIONAL BUS DRIVER 


OUTPUT 
CONTROL 1 


BIDIRECTIONAL BIDIRECTIONAL 





DATA BUS 1 DATA BUS 2 
CLOCK 1 CLOCK 2 
OUTPUT 
CONTROL 2 
CLOCK! HW 


BUS 


ori i 
excHance | | 
ii clock2 4H i Le 


CLOCK CIRCUIT FOR BUS EXCHANGE Ee 


EXPANDABLE 4-WORD-BY-8-B1T GENERAL REGISTER FILE 


"LS374 OR 'S374 q 
"LS374 OR ‘S374 q 
"LS374 OR ‘S374 q 









1/2 SN74LS139 
OR SN74S139 










= 


ENABLE SELECT ( 


1/2 SN74LS139 
OR SN74S139 


SELECT 


CLOCK 
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TTL TYPES SN54S412, SN74S412 (TIM8212) 
MSI MULTI-MODE BUFFERED LATCHES 


BULLETIN NO. DL-S 12351, OCTOBER 1975 





‘@ P.N-P Inputs and 3-State Outputs Maximize SN54S412 ... J PACKAGE 
ete 48412 ...J OR N PACKAGE 
1/O and Data Bus Capabilities ane po sai pene 
e Data Latch Transparency Permits : DATA INPUTS AND OUTPUTS 


Veo OUT IN OUT IN OUT IN OUT IN OUT CLEAR SEL2 


Asynchronous or Latched Receiver Modes 

e Mode and Select Inputs Permit Storing 
With Outputs Enabled or Disabled 

e Strobe-Controlled Flag Flip-Flop Indicates 
Status or Interrupt 

e Asynchronous Clear Sets All Eight Data 
Lines Low and Initializes Status Flag 


BIT DOT DI2 DO2 O'3 DO3 DI4 004 STB 


e High-Level Output Voltage, Typically 4 V, 





Drives Most MOS Functions Directly se oN TRO = ~ a __aeysrmoeeene 
DATA INPUTS ANO OUTPUTS 
e Direct Replacement for Intel 3212 
or 8212 logic: see function table 
description 


This high-performance eight-bit parallel expandable buffer register incorporates package and mode selection inputs and 
an edge-triggered status flip-flop designed specifically for implementing bus-organized input/output ports. The 
three-state data outputs can be connected to a common data bus and controlled from the appropriate select inputs to 
receive or transmit data. An integral status flip-flop provides package busy or request interrupt commands. The outputs, 
with a 4-volt typical high-level voltage, are compatible for driving low-threshold MOS directly. 


DATA LATCHES 


The eight data latches are fully transparent when the internal gate enable, G, input is high and the outputs are enabled 
(OE = H). Latch transparency is selected by the mode control (M), select (S1 and $2), and the strobe (STB) inputs and 
during transparency each data output (DOj) follows its respective data input (D1;). This mode of operation can be 
terminated by clearing, de-selecting, or holding the data latches. See data latches function table. 


MODE SELECTION 


An input mode or an output mode is selectable from this single input line. In the input mode, MD = L, the eight data 
latch inputs are enabled when the strobe is high regardless of device selection. If selected during an input mode, the 
outputs will follow the data inputs. When the strobe input is taken low, the latches will store the most-recently setup 
data. 


In the output mode, M =H, the output buffers are enabled regardless of any other contro! input. During the output 
mode the content of the register is under control of the select (S1 and S2) inputs. See data latches function table. 


STATUS FLIP-FLOP 


The status flip-flop provides a low-level output signal when: 


a. the package is selected 


b. a strobe input is received. 


This status signal can be used to indicate that the register is busy or to initiate an interrupt type command. 
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functional block diagram 


EQUIVALENT OF CLEAR, STROBE, 
MODE, S1, AND S2 INPUTS 


Vec 


sts 


31 
s2 


O12 


o13 


D015 


O17 


ois 


CLR 


(11) 
(2) 


(1) 
13) 


(3) 


(7) 


(16) 


(18) 


(20) 


(22) 


(14) 


TYPES SN54S412, SN74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 





EQUIVALENT OF EACH D1 INPUT 


TEXAS INSTRUMENTS 
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(23) 


4) 


(6) 
(8) 
(10) 
| (15) 
(17) 


| 

| 

| 

| 

| 

| 

| 

| (19) 
1 

| 

\ 

| (21) 
| 

| 

| 


DO1 


DO 2 


DO3 


Do4 


DO5 


0O7 


0o8 





TYPICAL OF ALL OUTPUTS 


Vcc 


OUTPUT 
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TYPES SN54S412, SN74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 





DATA LATCHES FUNCTION TABLE 


FUNCTION | CLEAR lm | si | STB | DATAIN DATA OUT 
L H H L 
Clear 
L L L 


4 


Xx L x 
De-select 
x L H 


. 


H H 
H L 
H 


Data Bus 
. H 





ede “ : 


ee 





H = high level! (steady state) 

L = low level (steady state) 

X irrelevant (any input, including transitions) 
Z = high impedance (off) 

L =transition from low to high level 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1]. 2° 4. co-2 2a tik a Eee a SB OR RAS ele eR Bob eae EY 
Inputvoltage... -.. eae we we ee ww we ee a OV 
Operating free-air temperature range: SN54S412 . 2. 1 ww ww ee ee .-55°C to 125°C 
SNTASA Oi co Bs ee A wee el, Be oe Be OOS oe a eo 70-6 
Storage temperature range. . 2. 0. 0. ee ee ee : : . oe ee 4 =65°C to 150°C 
NOTE 1: Voltage values are with respect to network ground terminal, 
recommended operating conditions 
| sns4saiz_— | SN74S412__ 










Pulse width, ty sthorSi-S2SOSOSSC—C—~—C—C“SsSSSYHSSCi‘“‘CS*LSSCSC~*d 
sean gp ieres ee 
204 es 


1 The arrow indicates that the falling edge of the clock pulse is used for reference, 
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TYPES SN54S412, SN74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 


REVISED FEBRUARY 1979 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 












‘ Vec=MIN, Vip =2V, 
Vv High-level | 4 4 Vv 
OH igh-level output voltage ViL=O.8V, loH=—1mA 3 
lot = 15mA Poms | as | v 


Off-state output current, DO 1 thru 
1OZH . . Veco =MAX, Vo=2.4V pA 
high-level voltage applied DO8 













VOL Low-level output voltage 






| Off-state output current, DO 1 thru I ae re : 
O2L  tow-level voltage applied DO 8 ce » Vo=0o. 7 
Input current at 
: : Vcc = MAX, V,=5.5V ae 
maximum input voltage - 


114 High-level input current Vec=MAX, Vj =5.25V 20 


[si 

IM | Veg = MAX, Vy =0.4V 
; : 
Voc = MAX ma 


t For conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions, 
FAn typical values are at Voc = 5 V, Ta = 28°C. 
Not more than one output should be shorted at a time, 







He Low-level input current 









NOTE 2: Icc¢ is measured with al! outputs open, clear input at 4.5 V, and all other inputs grounded, 


switching characteristics, Voc =5 V, Ta = 25°C 


PARAMETER [| FROM [TO 
PHL 
- —= C; =30pF, 
L=20p 
TB 


See Note 3 


$1 or $2 CL =30pF, 
See Note 3 

t — = 
eer OL = 20 oF, 
See Note3 
= = 

Bue 51,$2, or M SL= SPF: 
See Note 3 
tp_H = propagation delay time, low-to-high-level output 


tPHL = Propagation delay time, high-to-low-level output 
tpZH = Output enable time to high level 





tpz_L = output enable time to low level 

tpHz = output disable time from high level 

tpLz = output disable time from low level 

NOTE 3: Load circuit and voltage waveforms are shown on page 1-14. 
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TYPES SN54S412, SN74S4i2 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 





PARAMETER MEASUREMENT INFORMATION 


fe ee AS 25V 


DATA INPUT 
Ov 


= 25 V 
STB OR S1°S2 
OV 


VoH 
DATA OUTPUT 





VoL 
FIGURE 1 — STROBE OR SELECT TO DATA OUTPUT 


Ke twicir) —~! 25V 


CLEAR INPUT 15V 15V 


be ———“tPHL = ee sa 


oe ee Ny ee en VoH 
DATA OUTPUT 15V 
VoL 


2.5 V 


DATA INPUT 
ov 


= _ 25V 
STB OR §1-S2 | \ 15 


DATA OUTPUT 











25V 
STROBE 
< _ Ov 
tw(stb) 
a 2.5V 
$1-S2 1.5V 
OV 
twteet lela} tPLH 
| VOH 
INTERRUPT OUTPUT | 15V 
|o—z! ——- V 
tPHL OL 


FIGURE 4 — STROBE OR SELECT TO INTERRUPT OUTPUT 


— — —- — - 2.5V 
$1°S2 1.5V 15V 
! OV 


I 

—>| tpZH — —el tPHZ b— 0.5V 
| | 
i 


DATA OUTPUT ESSES 
{HIGH STORED) i 15V 
—*~0V 


| 
| 
| 
| 
—> 'PZL a —-| Lz fe 


tT + 45V | 
DATA OUTPUT aad) | 0.5V 
(LOW STORED) ; : ae 


FIGURE 5 — SELECT TO DATA OUTPUT 
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TYPE SN74LS424 (TIM8224) 
MSI TWO-PHASE CLOCK GENERATOR/DRIVER 


BULLETIN NO. DL-S 12475, OCTOBER 1976—REVISED AUGUST 1977 





° Designed to be [aterSR SAREE With Intel 8224 


e Single-Chip Clock Driver With 
Self-Contained Oscillator 


@ Specifically Designed to Drive 
All 8080A Microprocessors 


description 


This clock generator is capable of driving 12-volt 
lines. It contains a crystal-controlled oscillator, a 
divide-by-nine clock phase generator, two high-level 
drivers, and auxiliary circuitry. 


The internal oscillator is designed to operate with 
fundamental-mode crystals, or with overtone-mode 
crystals when using a parallel-tuned circuit connected 
to the tank terminal, pin 13. The oscillator output 
appears on pin 12 and drives the divide-by-nine 
counter. The +9 clock phase generator output 
consists of phases @2 for driving MOS inputs and 
@2 TTL for driving TTL. Three other TTL outputs, 
status strobe, reset, and ready, are coupled to the 
divide-by-nine counter. A sync input from the 8080A 
is AND‘ed with $1A to produce the status strobe. 
The power-on reset also generates the status strobe 
signal through an output NOR gate. The reset input 
works on a voltage-leve! basis by use of a Schmitt 


functional block diagram 


(15) 


XTAL 1 


OSCILLATOR 
XTAL 2 


TANK 


SYNC 
INPUT 
RESET 
INPUT 
RESIN 


READY 
INPUT 
RDYIN 









JOR N PACKAGE 
(TOP VIEW) 


ial o XTAL TANK OSC ot 


ner XTAL TANK OSC ot 
2 


RESET 


RESIN RDYIN READY SYNC i 


RESET RESIN RDYIN READY SYNC o2 STSTB. GND 
OUT OUT INPUT TTL OUT 


trigger. A rising voltage waveform is triggered at a 
particular voltage. A synchronized ready output is 
obtained by clocking with a 2 signal. 


The SN74LS424 is characterized for operation over 
the temperature range of O°C to 70°C. 





Osc 


STATUS 
STROBE 
STSTB 


RESET 


READY 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 





schematics of inputs and outputs 


EQUIVALENT OF RESET EQUIVALENT OF XTAL 1 AND 
AND SYNC INPUTS XTAL 2 NODES 


TYPICAL OF $1, 62 OUTPUTS 


Vpp 


RESET 
sas ae | 


=) 


OUTPUT 


EQUIVALENT OF READY INPUT EQUIVALENT OF TANK INPUT TYPICAL OF ALL OUTPUTS 


EXCEPT $1, $2 


Vee -———_e———-- - -- Vv 
cc 6k2Q cc 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 2. 2... ee ke ee ee kk ke ee ee ee TM 
Supply voltage, VDD. ww we ee ee ee eee ee TT 
Input voltages (sync, reset, ready) 2... . we ee ee ee kk ek ek kk ew ee V 
Operating free-air temperature range, TA. ww ww ke ee ee ee ee ew ee 60°C to 70°C 
Storage temperature range 2. 1... ee ee ee ee es = 65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 


Ea a SS SE i a I EI EE BPE SS EE IT EEE SR TORRES CAGE PIE AA ITE EIT IE AIOE AGE, 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 





recommended operating conditions 


PARAMETER TEST CONDITIONS MIN TYP* MAX |UNIT 


% High-level input voltage | Reset input e 
igh-level input volta 
IH r g All others 2 


VT+—VT_ Hysteresis 0.2 
Vik Input clamp voltage Vcc =4.75V, Vpp=11.4V 


ly=—18mA —1.5 


5 
1,62 10.4 
. cae 10H =—100 uA 
High-level output voltage | Ready, reset | Vcc =4.75V, Vpp=11.6V 3.9 Vv 
3.1 
3 
uA 
mA 


Vv 
Vv 


Other ons =tmA [24 3a 


$1, $2, reset, 
i lol =2.5mA 0.2 0.45 
Low-level output voltage status strobe | Vcc =4.75V, Vpp=11.4V 


9.4 
3.6 
2.4 
$2 TTL, osc loL =15mA 0.25 0.45 


Input current at 
1 ; ; Veco =5.25V, Vpp=12.6V, Vy=7V 100 
Maximum input voltage 


lH High-level input current Voc =5.25V, VDD =12.6V, Vj=5.25V 

Nie Low-level input current Vcc =5.25V, Vpp=12.6V, Vj =0.4V 
Short-circuit All except 

{ Veco =5V, Vpp = 12 V —10 —60 

Os circuit current $ $1, 62 id or 

loc Supply current from Vcc Veco =5.25V, Vpp=12V 70 115 

IpD Supply current from Vpp Vpp=12.6V, Vec=5V, See Note 2 


; Veco=5V, Vpp=12V, Wy=25V, 
C; Input itance i 
; Put capacitance =1MHz, See Note 2 i 


All typical values are at Voc = 5 V, Vpp = 12 V, Ta = 25°C, 
§ Not more than one output should be shorted at a time. ¢1 and $2 do not have short-circuit protection, 
NOTE 2: loc and Ipp are measured with outputs disabled and open, 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 


REVISED AUGUST 1977 





switching characteristics, Voc = 5 V, Vpp = 12 V, Tp = 25°C, see figure 1 


6-50 


PARAMETER TEST CONDITIONS 


te(osc) Oscillator cycle time 
twit) Pulse width, 61 high Py 


tw(g2) Pulse width, 2 high C_ = 20 pF to 110 pF, 
See Figure 2 
tw(Ss) Pulse width, status strobe low 62 TTL: 


tr) Rise time, clock outputs CL=30 pF, R1 = 3002, 
tF(g) Fall time, clock outputs R2 = 600 2, See Fr isurers 
to1L,62H Delay time, $1 low to $2 high Status Strobe: 


'@2L,61H Delay time, 62 low to $1 high CL=15pF, R1=2kQ, 
. ; : R2=4kQ, See Figure 3 
to1H,62H Delay time, $1 high to @2 high 
OSC, Ready, Reset: 


CL=10pF, R1=2kQ, 


to2,62T Delay time, ¢2 to $2 TTL 
R2=4kQ, See Figure 3 


Delay time, #2 high to 


t 
@2H,SSL status strobe low 
Delay time, ready or reset 


t 
RV, $2L output valid to phase 2 low 





te = te(p1) = te(p2) 


EXAMPLE: switching times for f,., = 20 MHz (tog) = *e(g2) * = 450 ns) 






't61L,62H Delay time, ¢1 low to ¢2 high Same as above 
to2L o1H Delay time, ¢2 low to $1 high 
161H,62H Delay time, 61 high to ¢2 high 
te2H SSL Delay time, ¢2 high to 
: status strobe low 
tRV,@2L Delay time, ready or reset 
‘ output valid to ¢2 low 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 





PARAMETER MEASUREMENT INFORMATION 


teloselfe-—e 


$1 









| to1L, o2H-e—o4 
2 jo— to1H, 62H—el 







| 
{ 

t62, 62T ke— t 

$2,¢ aes & —| be—92, 62T 


o2TTL Fisv Yasy 


SYNC 
(FROM 8080A) Ns a J 





| fe-twiss)-of 
}+-—++- twiss) oe SSL} 1 
I I | | 
STATUS assy 15V 1.5V 1.5V 
STROBE l 
— le~tsu(RDYIN) 
je—————t —— 
or 
15V 1.5V 
INPUT ke— tRV. o2L ——ey 
| 
READY OUTPUT 1.5V 
ee eee ——n ae eee Owe ese coe ewe ee ae om aw 
te—"RV, 92L —o} 
1 
RESET OUTPUT 1.5V 


NOTE: Transistion times, pulse widths, and interpulse relationships are distorted in this diagram in order to define various intervals, See Figure 5 


for correct relative relationships, 


VOLTAGE WAVEFORMS 
FIGURE 1 
Vcc 
R1 $1, ¢2 
OUTPUT 
UNDER 
TEST CL 
Cy R2 : | . 
LOAD CIRCUIT LOAD CIRCUIT 


FIGURE 2 FIGURE 3 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 





TYPICAL APPLICATION DATA 


The 'LS424 is a single-chip clock generator/driver for 8080A CPU’s, furnishing three clocks (¢1, $2 and $2 TTL), status 
strobe, reset, and ready signals. The ‘LS424 contains a crystal-controlled oscillator, a divide-by-nine counter, two 
high-level drivers, and several auxiliary logic functions. Figure 4 is a functional block diagram of the SN74LS424. 
Figure 5 shows the relationship between $1, $2, and the oscillator frequency period. 


oscillator 


A high order of clock frequency stability is provided by use of an external quartz crystal to set the oscillator frequency 
which is nine times the operating frequency of the 8080A. The quartz crystal is operated in a series-resonant mode. A 
fundamental-mode crystal requires no auxiliary circuitry, but an overtone-mode crystal requires an ac-coupled 
Parallel-resonant circuit to be connected to the tank connection (pin 13). The parallel-resonant circuit, tuned to the 
oscillator frequency, compensates for the lower Q of the overtone-mode crystal. The required size of the circuit 
components can be calculated from f = 1/2m/LC where f is the oscillator frequency, L is inductance value, and C is 
capacitance value. Figure 6 shows an ac-coupled parallel-tuned circuit used with the SN74LS424, 


clock phase generator 


The divide-by-nine clock phase generator contains a divide-by-nine counter, logic required to shape the clock pulses as 
shown under parameter measurement information, gates and flip-flops to generate auxiliary signals, and output drivers. 
The divide-by-nine counter waveforms are combined with gates to form a $1 pulse with a width of two periods of the 
oscillator frequency, repeating at intervals of nine oscillator periods. Similarly, the @2 pulse, having a width of five 
oscillator frequency periods, is formed lagging the ¢1 pulse by two oscillator periods. 


$1 and $2 outputs are provided by high-level drivers for direct connection to the 8080A CPU. $2 TTL is derived ina 
manner similar to $1 and $2, but the output driver output is at TTL voltage levels. The $2 TTL pulse width is the same 

“as $2. A $2 TTL application is clocking in direct memory access activities. Figure shows the ‘LS424 connected to an 
8080A, quartz crystal, and LC circuits. 


status strobe 


The 8080A CPU puts status information on its data bus at the beginning of each machine cycle that defines the nature 
of the machine operation for that cycle. A sync signal from the 8080A is gated by an internal timing signal (61A) and 
becomes a status strobe to notify system components that the status data is present on 8080A status output lines. The 
status strobe signal connects directly to the ‘S428 system controller. 


The status strobe signal is alternatively generated by the reset input. An external RC series network connected to VCC 
and the reset input will provide a rising voltage waveform when Vc is turned on. An internal Schmitt trigger circuit 
generates a sharp, fast-rising waveform when the reset input reaches a particular voltage value. The Schmitt trigger is 
connected to the D input of a flip-flop clocked by 2D. When power is turned on, the combination of interna! and 
external circuitry will produce a status strobe signal. A manual reset switch can be connected as in figure 6 to the RC 
network to produce reset and status strobe signals for the 8080A. 


The ready signal indicates to the 8080A that an external device has completed transfer of data to or from the data bus. 
A ready signal input to the ‘LS424 drives the Dinput of a flip-flop clocked by an internal 62D signal. Timing 
requirements of the 8080A machine cycle are met by the synchronization with the system clocks provided by the 
flip-flop. This implementation saves about 200 ns of system time during memory cycles (as contrasted with generating a 
‘wait request” within the 8080A’s MOS logic) since the bipolar logic of the ‘LS424 has much less delay. 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 





TYPICAL APPLICATION DATA 


SYNC 
INPUT 

RESET 

INPUT 


RESIN Example: 8080A cycle = 450 ns 


fogc: 20 MHz (unit = 50 ns) 
RESET tw(p1) = 100 ns (2 X 50 ns) 
tw(¢2) = 250 ns (5 X 50 ns) 


READY tg2L, 61H = 100 ns {2 X 50 ns) 


INPUT 


READY 
RDYIN : 





FIGURE 4 FIGURE 5 


QUARTZ CRYSTAL CRYSTAL REQUIREMENTS 


at ee) Ae eae ate (] Frequency tolerance: +0.005% for O°C to 70°C 
r Resonance Mode: series, fundamental (use 3rd 
overtone mode with tank cir- 
cuit) 
Load capacitance: 20 pF to 35 pF 
| s7T Equivalent resistance: 20 2 to 752 


Minimum power dissipation: 4 mW 
osc < (10) 2 (15) 
(4) READY 

















"LS424 








MANUAL 
SWITCH 
(7) STATUS 
= = STROBE 
(STSTB) 
FIGURE 6 
877 
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TTL 
LSI 


e Designed to Be Interchangeable with Intel 8228 
and 8238 


PIN DESIGNATIONS 


DESIGNATION| PIN NOS. | FUNCTION 
15, 17, 12, 10, BIDIRECTIONAL DATA PORT 
DO thru D7 
6, 19, 21, 8 |(TO TMS 8080A) 
DBO thru Dey| 12" 16 11, 9, [BIDIRECTIONAL DATA PORT 
ru 
5, 18, 20, 7 |(TO SYSTEM BUS) 
“On READ OUTPUT TO 1/0 
(ACTIVE LOW) 
= ; WRITE OUTPUT TO 1/0 
To) 27 
(ACTIVE LOW) 
READ OUTPUT TO MEMORY 
MEMA 24 
(ACTIVE LOW) 
ea WRITE OUTPUT TO MEMORY 
MEMW 26 
(ACTIVE LOW) 
INPUT TO INDICATE 
TMS 8080A IS IN INPUT 
MODE (ACTIVE HIGH) 
— INTERRUPT ACKNOWLEDGE 
INTA 23 
OUTPUT (ACTIVE LOW) 
HOLD ACKNOWLEDGE 
HLDA INPUT (ACTIVE HIGH) 


2 
ee FROM TMS 8080A 


































MODE (ACTIVE LOW) 
SYSTEM DATA PORT 
ENABLE INPUT (ACTIVE 
LOW) 
SYNCHRONIZING STATUS 
STROBE INPUT FROM 

SN74LS424 (TIM8224) 
SUPPLY VOLTAGE (5 V) 


GROUND 


















TMS 8080A IS IN WRITE 
B 
T 


INPUT TO INDICATE 
SEN 
STSTB 





description 


These monolithic Schottky-clamped TTTL system controllers are designed specifically to provide bus-driving and 
peripheral-control capabilities for interfacing memory and I/O devices with the 8080A in small to medium-large micro- 


computer systems. 


A bidirectional eight-bit parallel bus driver is provided that isolates the 8080A bus from the memory and I/O data bus 
allowing the system designed to utilize cost-effective memory and peripheral devices while obtaining the maximum 
efficiency from the microprocessor. The TTL system drivers also provide increased fan-out with a lower impedance 


that enhances noise margins on the system bus. 


Implementation of the status latches and control decoding array of the SN74S428/SN74S438 provides for using 
either a single-level interrupt vector RST7 for small systems, or multiple-byte call instructions for systems needing 


unlimited interrupt levels. 


TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 


BULLETIN NO. DL-S 12468, OCTOBER 1976 





N PACKAGE 
(TOP VIEW) 





DO DBO 
D1 DBI 
D2 DB2 
TMs 80808 el Se ager pa3} SYSTEM 
1/0 
Gan poRT ADS TRANSCEIVERS eat eee 
D5 DB5 
D6 DBG 
D7 DB7 
STATUS (1) STATUS 
STROBE LATCHES 
INPUT aang 
_ CONTROL ion 
wR DECODING shill 
ARRAY /OW 
BUSEN 
HLDA RGR 






BIDIRECTIONAL DATA PORTS 


Vcc = PIN (28), GND = PIN (14) 


TEXAS INSTRUMENTS  tintegrated 
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Instruments. 
3,463,975. 





Schottky-Barrier diode- 


clamped transistor is patented by Texas 


U.S. Patent Number 


6-55 


6-56 





TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 





description (continued) 


With respect to the system clocks, the SN74S438 is configured to generate an advanced response for |/O or memory 
write output signals to further simplify peripheral control implementation of complex systems. See Figure 3. 


8-bit parallel bus transceiver 


The 8-bit parallel bus transceiver buffers the 8080A data bus from the memory and !/O system bus by providing 
one port (DO through D7) to interface with the 8080A and another port (DBO through DB7) to interface with the 
system devices. The 8080A side of the transceiver is designed specifically to interface with the microprocessor data 
bus ensuring not only that the processor output drive capabilities are adequate, but also that the inputs are driven 
with enhanced noise margins. The system bus side features high fan-out buffers designed to drive a number of system 
devices simultaneously and directly. The system port is rated to sink ten milliamperes of current and to source one 
milltiampere of current at standard low-threshold voltage levels. 


Status lines from the 8080A instruction-status decoder and the system bus enable input (BUSEN) provide complete 
transceiver directional and enable control to ensure integrity of both the processor data and the system bus data. 


status latches 
During the beginning of each machine cycle, the six status latches receive status information from the 8080A data 
bus indicating the type of operation that will be performed. When the STSTB input goes low, the latches store the 


status data and generate the signals needed to enable and sequence the memory and I/O control outputs. The status 
words and types of machine cycles are enumerated in Table A. 


TABLE A — STATUS WORDS 


8080A 
STATUS 
STATUS OUTPUT 
WORD 
DO D1 D2 O38 D4 _ OD5 






*S428/'S438 
COMMAND 
GENERATED 











TYPE OF 
MACHINE CYCLE 





3 


D7 



































1 L H L L L H L H Instruction fetch 

2 L H L L L L L H Memory read 

3 L L L L L L L L Memory write 

4 L H H L L L L H Stack read 

5 J oL Lb oH bL bk LL LL 4 Stack write 

6 L H L L L L H L Input read 

7 L L L L H L L L Output write 

8 H H L L L H L L Interrupt acknowledge 

9 L H L H L L L H Halt acknowledge 

10 H H L H L H L L Interrupt acknowledge at halt 
© Bee 5.22 £ | 
2 <x 2 o) > Ww 
= I = s 





STATUS INFORMATION 





decoding array 


The decoding array receives enabling commands from the status latches and sequencing commands from the 8080A 
and generates memory and I/O read/write commands and an interrupt acknowledgement. 


SS a a a a I I I I EDS TS ET IIS SP DIT I I I OE EE ET, 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 





description (continued) 


The read commands (MEMR, 1/OR) and the interrupt acknowledgement (INTA) are derived from the status bit(s) 
and the data bus input mode (DBIN) signal. The write commands (MEMW, I/OW) are derived from the status bit(s) 
and the write mode (WR) signal. (See Table A.) All control commands are active low to simplify interfacing with 
memory and 1|/O controllers. 


The interrupt acknowledgement (INTA) command output is actually a dual function pin. As an output, its function 
is to provide the INTA command to the memory and I/O peripherals as decoded from the status inputs and latches. 
When CALL is used as an interrupt instruction, the SN74S428/SN74S428 generates the proper sequence of control 
signals. Additionally, the terminal includes high-threshold decoding logic that permits it to be biased through a one- 
kilohm series resistor to the 12-volt supply to implement an interrupt structure that automatically inserts an RST7 
instruction on the bus when the DBIN input is active and an interrupt is acknowledged. This capability provides a 
single-level interrupt vector with minimal hardware. 


The asynchronous bus enable (BUSEN) input to the decoding array is a control signal that protects the system bus. 
The system bus can be accessed and driven from the SN74S428/SN74S428 controller only when the BUSEN input 
is at a low voltage level. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). . wk we ee ee ee eee TN 
Inputvoltage . . . 1... 1 eee ee oi BS Giles, . TMV 
Operating free-air temperature range... 1 we ee ee eee ee ee OC tO 70°C 
Storage temperature range. ww ww ee ee ee ee ee ee ee es 65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 





[Min NOM MAX | UNIT | 
Supply voltage, Vcc 4.75 5 5,25 
High-level output current, !OH 
Low-level output current, IO. 
Status strobe pulse width, tw(STSTB) (see Figure 3) 


ae . Status inputs DO thru D7 
Setup time, tsy (see Figure 3) : 















System bus inputs to HLDA 
Hold ti tie Fi 3) Status inputs DO thru D7 
old time, see Figure 
h q System bus inputs to HLDA 


U 
Vv 
BA 
mA 
70 


Operating free-air temperature, TA 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS TyPi UNIT 
VIH High-level input voltage as 







VIK Input clamp voltage Vcc = MIN, 1) =—5 mA 


, Dom oT _|Vcc=MIN, Vin=2V, | 36 4 | 
VOH High-level output voltage 
Allother outputs] Vj_=0.8V, IoH=MAX | 24 | 


Vcc =MIN, VIH =2V, 









Low-leve! output voltage 





Vit =O8 V, loL = MAX 





Off-state output current, 





Vec =MAX, Vo=5.25V 






I 
OZH high-level! voltage applied 


V 

V 

V 
Off-state output current, BS gaat bei ie ; 
o2t low-level voltage applied cc ' Oo = 9: m 











WH High-level input current DO thru D7 
Vcc =MAX, V,=5.25V 


MIN MAX 
2 
3.6 4 
24 
0.45 

INTA Vec=MIN, SeeFiguet | 5 | ma 
pom 67 —] 
Ait oher np 707 
STSTB 


D2 or D6 





Vec =MAX, V)=0.45 V 


Nie Low-level input current 
All other inputs 






los Short-circuit output current§ 
lec Supply current Vcc = MAX 140 190 


tFor conditions shown as MIN or MA, use the appropriate value specified under recommended operating conditions. 
tan typical values are at Voc =5 V, Ta = 25°C. 
$Not more than one output should be shorted at a time. 


switching characteristics, Vcc = 5 V, Ta = 25°C, see figure 3 


CL = 25pF, 


CL = 100 pF, 





q tp p = Propagation delay time 
tPHL = Propagation delay time, high-to-low-level output 
tpLH = Propagation delay time, low-to-high-level output 
tpz x = output enable time from high-impedance state 
tpxz = output disable time to high-impedance state 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 





PARAMETER MEASUREMENT INFORMATION 


Vcc 
$4 


Ry 
12y 
OUTPUT 
UNDER TEST 


CL R2 


{* 


FIGURE 1—INTA INPUT CURRENT FIGURE 2—SWITCHING CHARACTERISTICS 
TEST CIRCUIT LOAD CIRCUIT 


TOINTA 
OUTPUT = 
| 





TMS 8080A 
CLOCK (REF) 


$2 





STSTB 


INPUT ‘ 
teu fe—oy 7 9 
TMS 8080A | 1 
DATA BUS 
STATUS INPUTS Lay 
DO thru D7 


DBIN 
INPUT | 





! 
| 15V 15V 





1 
§ fe tPLH 
l 1 s 


INTA, OR, MEMR ! 
1.5V { \ 15V 


OUTPUTS 








INTA, 1/OR, MEMR 
DURING HLDA 


SYSTEM BUS INPUT 
DURING READ 
DBO thru DB7 


TMS 8080A BUS OUTPUT I H l 3V 1 =v 
DURING READ —=———=— — ——- — +} —-- —— —— 141 sv! Iss e SE e 
DO thru 07 1 H { osv | 08V 
{ tP2X- tpxz 


VOW OR MEMW 
OUTPUT 





TMS 8080A BUS INPUT 
DURING WRITE 
00 thru D7 


SYSTEM BUS OUTPUT 
DURING WRITE 
DBO thru DB7 





BUSEN 15V 15V 
INPUT H 
t 
t 
SYSTEMBUS a SY ft ae eee a ee 
OUTPUTS ' 08 V 108 vy 
DBO thru DB7 eezxel et texz 


NOTE A: Advanced response of [/OW or MEMW for the SN74S438 is indicated by the dashed line, 
FIGURE 3—VOLTAGE WAVEFORMS 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 





TYPICAL APPLICATION DATA 










































Yoo (12 V) 
Vec (SV) Pint wae edad 
Ves (-5 V) free 
im e 
D Vv 
(15) SN74LS424 (13) 
1 "$428/" DBO 
co (T1M8224) ¢ '$428/'S438 116) 
XTAL (T1M8228/ 
114) TIM8238) pp of 14 
9) 
(13) siorrecriona, OB3 5) 
TANK TANK — cLocK nase ven DBA 
GENERATOR MANSTSIVED peg ue) 
osc (“2 os¢ DRIVER 20) 
(7) 
$2TTL Cd a Sar) mR) One| RS) | 
ee (2) CONTROL 
DECODING 23 
RESIN ARRAY = om 
RDYIN 2 O (26 
r) (25} 
r (27) 


SYSTEM DMA REQUEST 
SYSTEM INTERRUPT REQUEST 


INTERRUPT ENABLE 


FIGURE 4—SYSTEM tNTERFACING WITH CENTRAL PROCESSING UNIT 


DATA 
BUS 


CONTROL 
BUS 


ADDRESS 
BUS 
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TTL TYPES SN54LS440 THRU SN54LS444, SN54LS448, 
SN74LS440 THRU SN74LS444, SN74LS448 
MSI QUADRUPLE TRIDIRECTIONAL BUS TRANSCEIVERS 


BULLETIN NO. DL-S 12709, AUGUST 1979 





e 3-Way Asynchronous Communication 
e On-Chip Bus Selection Decoding 
e Input Hysteresis Improves Noise Margin 


e Choice of Open-Collector or 
3-State Outputs 


description 


These bus transceivers are designed for asynchronous 
three-way communication between four-line data 
buses. They give the designer a choice of selecting 
inverting, noninverting, or a combination of inverting 
and noninverting data paths with either 3-state or 
open-collector outputs. 


The SO and S1 inputs select the bus from which data 
are to be transferred. The G inputs enable the bus or 
buses to which data are to be transferred. The port 
for any bus selected for input and any other bus not 
enabled for output will be at high impedance including 
those of the open-collector devices. 


The SN54LS440- through SN54LS444 and 
SN54LS448 are characterized for operation over the 
full military temperature range of —55°C to 125°C. 
The SN74LS440- through SN74LS444 _— and 
SN74LS448 are characterized for operation from 
0°C to 70°C. 


FUNCTION TABLE 


TRANSFERS BETWEEN BUSES 
“LS440 “LS441 *LS444 
* ‘LS442 ‘LS443 ‘LS448 


None 
None 
None 


None 






z 
v 
Cc 
4 
n” 






xx x] al 
(er) 
jes] 
ra 
ra 






H}xX X xX Xx 
X|H H xX X 
X1X X H H 
X/L L|X H H 
X}H L]H H X 
L{L LYTX LEC L 
L]H L}]TL Lt X 
L}L L{]X L H 
L]H L|L H X 
L}L L]X HL 
L H;}]/ tL X 4H 
L}H L}|H L X 











None 
None 
A+B,A*>ClA+B,A>C|A>B,A+C 
B>C,B>A|B>C,B>A|B>C,B>A 
C>A,C*>B/C*A,C*>B|C*A,C>B 
A>B 
B>C 
CoA 
A>C 
BoA 


Ol wl dijo; al 
¥ ¥ wlv ¥ 
2 >palp © 





SN54LS’..... J PACKAGE 
SN74LS’..... JOR N PACKAGE 
(TOP VIEW) 





DEVICE 
‘LS440 
"LS441 
*LS442 
*LS443 
*LS444 
‘LS448 


None 
None 
None 
None 
None 


None 


>| 
¥ 
is] 


None 
None 
None 
None 
None 
None 


OUTPUT LOGIC 
Open-Collector True 
Open-Collector Inverting 

3-State True 
3-State Inverting 
3-State True/Inverting 





Open-Collector True/Inverting 
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TYPES SN54LS440 THRU SN54LS444, SN54LS448, 
SN74LS440 THRU SN74LS444, SN74LS448 
QUADRUPLE TRIDIRECTIONAL BUS TRANSCEIVERS 





logic symbolst 


(11) 


(12) 


aa (1) 


Al 


BI 


C1 


A2 
B2 
c2 
A3 
B3 
c3 
A4 
B4 
c4 


(17) 
(18) 
(19) 


(16) 


(2) 


(3) 


(15) 
(5) 
(4) 
(14) 
(6) 
(7) 
(13) 
(9) 
(8) 





B1 





(‘LS443 is 
3-state version) 





(‘LS440 is ("LS448 is 
open-collector version) open-collector 
version) 


tThese symbols are in accordance with IEEE Std 91/ANSI Y32.14 and current discussions In 1EC and IEEE. 
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TYPES SN54LS440 THRU SN54LS444, SN54LS448, 
SN74LS440 THRU SN74LS444, SN74LS448 
QUADRUPLE TRIDIRECTIONAL BUS TRANSCEIVERS 





functional block diagram (composite showing one of four transceivers from each type, positive logic) 


so $1 GA GB GC cs 
COMMON CIRCUITRY 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 








Supply voltage, Vcc (see Note 1). ee eee ete ete tenn eee 
INPUT VOI tages ts ie ease wesc Sno Fak Saale ae Re Sig el ac ohe od ntlene setae e cop eee alactha cbdee ure ballet eve ow adem 
Off-state output voltage ge ee ee ee ee te eee tee eet eee nee ene 
Operating free-air temperature range: SN54LS’ dk ee ee eee ees —55°C to 125°C 

SNIALS pit otasaal Rong ed Vasey waldota Re ea ane dia eas 0°C to 70°C 
Storage temperature range... cee eee ee eee een een eee eanee —65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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TYPES SN54LS440,, SN54LS441, SN54LS448., 
SN74LS440, SN74LS441, SN74LS448 

QUAD TRIDIRECTIONAL BUS TRANSCEIVERS WITH 
OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 


SN54LS440 SN74LS440 

SN54LS441 SN74LS441 

SN54LS448 SN74LS448 
MIN NOM MAX) MIN NOM MAX 


[Supply vohase, VogbesNow)—SC“~‘“~C*‘“‘“~*~*~*r SS 
ihtvel output volape, Vo SCS 


NOTE 1: Voltage values are with respect to the network ground terminal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONSt hla wobidelecl 
MIN TYP+ MAX] MIN TYPE MAX 


Vin Higbee inputvorge——SESSCSC~CSCS dE 
Vin _Lowsevel inputwoltage | i 


ie 
| 01 04 | 
I High-level output t Yee™ MIN, A 
OH High4eve put curren wie: m 
| HA 
| mA | 

































VoL _ Low-level output voltage 


Input current at A,B,C input 
Ny. : : Vcc = MAX 

maximum input voltage | All others 
l1H_ High-level input current Vec=MAX, Vj =2.7V PTA 
NL Low-level input current Vcc =MAX, V,=0.4V Pe 4P 0.4 | mA 


rae Siete. LOUIE 2G ewig — tua miges Le ete OO Oe OT 
u curren a * utputs open m 
sesiile Outputs disabled | °C mee es 8 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
Fait typical values are at Voc = 5 V, Ty = 28°C. 


switching characteristics at Voc = 5 V, Ry = 667 2, C, = 45 pF, Tp = 25°C (see Note 2) 


“LS440 *LS441 ‘LS448 
PARAMETER INPUT OUTPUT UNIT 
MIN TYP MAX] MIN TYP MAX] MIN TYP MAX 
A 


Cee ae | 2130 | 
ee ee ee ee 
ee) 

pa 88 | 




























Propagation delay 
tPLH time, low-to-high 
level output 








Propagation delay 
tPHL time, high-to-low 
level output 





Propagation delay 
tPLH time, low-to-high 
level output 






Propagation delay 
tPHL time, high-to-low 
level output 


NOTE 2: Load circuits and voltage waveforms are shown on page 1-15, 
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TYPES SN54LS442, SN54LS443, SN54LS444, 
SN74LS442, SN74LS443, SN74LS444 
QUAD TRIDIRECTIONAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 





recommended operating conditions 


SN54LS442 SN74LS442 
SN54LS443 SN74LS443 
SN54LS444 SN74LS444 


MIN NOM__MAX| MIN” NOM MAX | 


Supply voltage, Vcc. (see Note 1) 45 5 5.5] 4.75 5 §.25 
m 


High-level output current, IOH 
Low-level output current, Io. 
o 


Operating free-air temperature, TA —55 


NOTE 1: Voltage values are with respect to the network ground terminal. 


a! 
NIN 
~ 
°o 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54LS' 
PARA E TEST CONDITIONSt 


ViIH High-level input voltage 2 


VIK Input clamp voltage Vcc = MIN, l) =—18 mA 
Hysteresis (VT4 — V7_—)|A,B,C input | Vcc = MIN 


Vec = MIN, Ion =-3mA | 24 3.4 
Vou High4evel output voltage ViIH=2V, 
2 
0.25 


SN74LS’ 
MIN TYPE MAX 


| 
— 
a 


Vit = Viimax lOH = MAX 

Vec = MIN, lol = 12mA 
VOL Low-level output voltage Vin =2Y, 

Vit = Vitmax lol = 24mA 


(=) 


N 
o 


Off-state output current, high-level 

1OZH ; Vo=2.7V 
voltage applied Vcc = MAX, 
Off-state output current, low-level CS at2V 

1OZL . Vo =0.4V 
voltage applied 


Input current at A,B,&C Vv, =5.5V 
Vec = MAX 
1= 


i maximum input voltage 
Veo=MAX, Vj=2.7V 
Vec=MAX, Vi=0.4V 
—40 =225 

loc Supply current Vcc = MAX Outputs open ts 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
AIM! typical values are at Voc = 5 V, Tp = 25°C. 


—40 


oO 
Al 

NO 

io) 

3) 

D>] > 


f 
=) 
N 
© 
ro) 
3 
> 


{1 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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TYPES SN54LS442, SN54LS443, SN54LS444, 
SN74LS442, SN74LS443, SN74LS444 
QUAD TRIDIRECTIONAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 





switching characteristics, Vcc = 5 V, Ta = 25°C (see Note 2) 


TEST *LS442 *LS443 *LS444 
PARAMETER INP OUTPUT 
CONDITIONS 


UT 
A 
A 


Propagation 
ae delay time, 
low-to-high 


level output 


Propagation 


delay time, 
tPHL CL =45pF, 


high-to-low = 
level output L = 667 2 


Output enable 
tPZL_ time to low 

level 

Output enable 
tPZH time to high 

level 

Output disable 
tPLZ (time from low 

level 


tPHZ 





NOTE 2: Load circults and voltage waveforms are shown on page 1-15. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF 3-STATE OUTPUTS TYPICAL OF OPEN-COLLECTOR OUTPUT 


50 2 NOM 


OUTPUT 


OUTPUT 


Reg: GA, GB, GC = 9k2 NOM 
All others = 5 k2. NOM 
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SN54S484, SN74S484 BCD-TO-BINARY CONVERTERS 
SN54S485, SN74S485 BINARY-TO-BCD CONVERTERS 


e Significant Savings in Package 
Count Compared with SN54184, 
SN54185A, SN74184, or SN74185A 
(Over Half in Many Applications) 


e Three-State Outputs 


description 


These monolithic converters are derived from the 
SN54S371/SN74S371 custom-programmed read-only 
memories. Both of these converters comprehend that 
the least-significant bits (LSB) of the binary and BCD 
are logically equal, and in each case the LSB bypasses 
the converter as shown in the typical applications. 
This means that a nine-bit converter is produced in 
each case. The devices are cascadable to N bits. 


The three-state outputs offer the convenience of 
open-collector outputs with the speed of totem- 
pole outputs: they can be bus-connected to other 
similar outputs yet they retain the fast rise-time 
characteristic of totem-pole outputs. A high logic 
level at either enable (G) input causes the outputs 
to be in a high-impedance state. 


These converters, by including three more bits of 
conversion than their SN54184/SN74184_ or 
SN54185/SN74185 counterparts, result in a 
reduction in package count by more than half in 
most applications, and a significant savings in power 
consumption in many applications as shown in the 
tables at right. 


SN54S484/SN74S484 vs SN54184/SN74184 


PACKAGE 
COUNT 


MAXIMUM TYPICAL 
SUPPLY ACCESS TIME 
CURRENT @Ta= 25°C 


(A) (ns) 


jas { “se | sage | ee [eens | ea | 





SN54S484, SN54S485 ... JPACKAGE 


SN54S484, SN54S485 .. JOR N PACKAGE 
(TOP VIEW) 





INPUTS INPUTS 
ENABLES 
OUTPUTS 
OUTPUTS 
logic symbolst 
SN54S484 SN54S485, 
SN74S484 SN74S485 







BIN/BCD 


>318Va 
2aV7 


4aV 
8aV 














10aV 
200V7 
40a V7 
80aV 
1600V 





zranmoenonw?P> 


tThese symbols are in accordance with JEEE Std 91/ANSI Y32.14 
and current discussions in 1EC and IEEE. 


SN54S485/SN74S485 vs SN54185/SN74185 


MAXIMUM 
BINARY PACKAGE SUPPLY 
BITS COUNT CURRENT 
{A) 


‘sass | “ras | sass | “tps {ses 185 | 


TYPICAL 
ACCESS TIME 
@ Ta = 25°C 


8 
16 
24 
32 
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FUNCTION TABLE 
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SN54S485, SN74S485 
BINARY-TO-BCD CONVERTER 
INPUTS OUTPUTS 
LER LiL LELEL 
L LHLJL LEER EL 
L HLELLJL bE LLL 
L HL H}JL LL LH 
L HH Hit L LL H 
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SN54S484, SN74S484 
BCD-TO-BINARY CONVERTER 
FUNCTION TABLE 
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L kL & tL bLtLHH 
L Lt bE & HLH 
LE tL bt HELL 
L -LE L & HLL H 
LE L LL HLHEL 
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BINARY INPUT 


256 128 64 32 
BCD OUTPUT 


L HLL}H H H LH 


SN54S485/SN74S485 
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0 40 20 
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low level 
BCD INPUT 


& 
wt 
Ww 
wt 
n 
2 
Ww 
— 
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Tt 
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2 
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TYPES SN54S484, SN54S485, SN74S484, SN74S485 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


Ny Be ee N 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) oe eee ee eee ee een nee eee een neene 7V 
Input voltage ........... eae as BCR AD tice ART SOR ate NEM cn tattoo ins A DA ae ate Ok 5,5V 
Off-state-output voltage: — acsccedid hie eine cd Sad ae eee ee OR 6 a ad Ee ea ee wR 5.5V 
Operating free-air temperature range: SN54S484,SN54S485_......... PMs: Be nd sane tera a es —55°C to 125°C 

SN74S484,SN74S485 gd ee et eae 0°C to 70°C 
Storaqe temperature tante. acy oe yee 40095404 ook PRE REAR Ow RE EAN Se eee —65°C to 150°C 


recommended operating conditions 





| SNS4s" | SN7AS" 
UNIT 


Supply voltage, Vcc | 45 5 55 | 4.75 5 5.25 
Offstate output voltage BT 


Low-level output current, ToL OT 
Operating free-air temperature —55 125 °C 


electrical characteristics over recommended operating free-air temperature range (uniess otherwise noted) 


PARAMETER TEST CONDITIONST MIN TYP* MAX | UNIT 


VIL Low-level input voltage 


VIK Input clamp voltage Vcc = MIN, 1) =-18mA 


Vec=MIN, Vipn=2V, Vit = 0.8 V, 
VOH High-level output voltage i ce MAX IH I. 
OH > 
Vec= MIN, VIH=2V, Vit = 0.8 V, 
VOL Low-level output voltage ; ce MAX IH IL } ts 
OL = 
' Off-state output current, Vana =iMAX aang Va =2.7V _ 
02H high-level voltage applied cc 7 1H , Oe : 
Off-state output current 
I Vcc =MAX, Vip =2V, V9 =0.4V A 
O2ZL low-level voltage applied cc IH 0 80 . 
1 Input current at maximum input voltage Vcc =MAX, V,=5.5V Ie ope 2c es pt 
WH High-level input current Vcc = MAX, Vij =2.7V | 8 uA 
We Low-level input current Vcc =MAX, V,=0.5V 
los Short-circuit output current 8 Vec = MAX, —30 —100 


Icc Supply current Vcc =MAX, See Note 2 | 105158 | 
Co Off-state output capacitance Vec=5V, Vo=5V, f= 1MHz a oa 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


TEST [susan 
CONDITIONS MIN TYP* MAX | MIN TYP* MAX 


45 70 
ae Gece: - se i 
ae = sas fs 0 
Caspr, SeFiget [4010 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
Fay typical values are at Voc =5 V, Ta = 25°C. 
8 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
NOTES: 1. Voltage values are with respect to network ground terminal. 
2, With outputs open and enable (G) inputs grounded, Icc is measured first by selecting a word that contains the maximum number 
of high-leve} outputs, then be selecting a word that contains the maximum number of low-level inputs, 
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PARAMETER 





ta(ad) Access time from address 
tPZzXx Output enable time 
tPxz Output disable time 
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TYPES SN54S484, SN54S485, SN74S484, SN74S485 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 





PARAMETER MEASUREMENT INFORMATION 


TEST 
POINT Vcc 


FROM OUTPUT 






UNDER TEST 
(See Note B) 
CL 
(See Note A) 

ENABLE 

G1 OR G2 15V 

(other enable 1 

input low) 


! 
i tpzL-——_>| PLZ, a 


—f---~45v ! i 
WAVEFORM 1 ! St closed, ME 1.5 [pee ey 
(See Note C) i $2 open —I x =a ---VoL 


beiccstericaal tPHZ---——*1 0.5 v 0.5 V 
Xe Sm VOH 
WAVEFORM 2 S1 open, ie .< athe eas 
(See Note C) $2 closed Uay So) and 
fan am me OV $2 closed 


NOTES: A, C__ includes probe and capacitance, 
B. All diodes are IN916 or IN3O064, 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control, 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control, 


FIGURE 1 





schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


TYPICAL OF ALL OUTPUTS 


Vcc 


58 2 NOM 








679 
6-70 TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PACKAGES 


PACKAGES 








TYPES SN54S484, SN54S485, SN74S484, SN74S485 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 





TYPICAL APPLICATION DATA 


PACKAGES REQUIRED 
vs 
DECADES OF CONVERSION: 


SN54184/SN74184 


SN54S484/SN74S484 


DECADES 


PACKAGES REQUIRED 
vs 
BINARY BITS OF CONVERSION 


SN54185/SN74185 


SN54S485/SN74S485 


4 8 12 16 20 24 28 32 
BINARY BITS 
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TYPES SN54S484, SN54S485, SN74S484, SN74S485 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 





TYPICAL APPLICATION DATA 
SN54S484, SN74S484 


8421 


26 | 24 | 22 | 20 
25 23° 2) 





2134211) 29} 27 
212 210 28 26 





2-DECADE- 3-DECADE- 4-DECADE- 5-DECADE- 
BCD-TO-BINARY BCD-TO-BINARY BCD-TO-BINARY BCD-TO-BINARY 
CONVERTER CONVERTER CONVERTER CONVERTER 
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222 220 218 216 


6-DECADE-BCD-TO-BINARY 7-DECADE-BCD-TO-BINARY 
CONVERTER CONVERTER 
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8-DECADE-BCD-TO-BINARY 9-DECADE-BCD-TO-BINARY 
CONVERTER CONVERTER 


*SN54184/SN74184 can be used. 
K = 103, M= 10° 
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TYPES SN54S484, SN54S485, SN74S484, SN74S485 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 





TYPICAL APPLICATION DATA 
SN54S485, SN74S485 








6-BIT-BINARY-TO-BCD 7-BIT-BINARY-TO-BCD 8-BIT-BINARY-TO-BCD 9-BIT-BINARY-TO-BCD 
CONVERTER CONVERTER CONVERTER CONVERTER 


212 210 28 26 
9 





10-BIT-BINARY-TO-BCD 11-BIT-BINARY-TO-BCD 12-BIT-BINARY-TO-BCD 13-BIT-BINARY-TO-BCD 
CONVERTER CONVERTER CONVERTER CONVERTER 


215 2t3 211 
4 





14-BIT-BINARY-TO-BCD 15-BIT-BINARY-TO-BCD 16-BIT-BINARY-TO-BCD 
CONVERTER CONVERTER CONVERTER 


216 214 212 217 215 213 211 










TS | | 
f= zen] 
2 es 
pene 
SD | | 
a fess ] 
[ak 7 p 





17-BIT-BINARY-TO-BCD 18-BIT-BINARY-TO-BCD 19-BIT-BINARY-TO-BCD 
CONVERTER CONVERTER CONVERTER 


*SN54185/SN74185 can be used. 
K = 10°,M= 10° 
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TYPES SN54S484, SN54S485, SN74S484, SN74S485 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 





TYPICAL APPLICATION DATA 
SN54S485/SN74S485 





= 
too tlt 
akoeeeees™ 






20-BIT-BINARY-TO-BCD CONVERTER 


221 219 217 
20 8 


22-BIT-BINARY-TO-BCD CONVERTER 


223 221 





24-BIT-BINARY-TO-BCD CONVERTER 
*SN54185/SN74185 can be used, 
K = 10°, M= 10 










21-BIT-BINARY-TO-BCD CONVERTER 


222 220 20 216 
7 





23-BIT-BINARY-TO-BCD CONVERTER 


224 222 
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25-BIT-BINARY-TO-BCD CONVERTER 
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TYPES SN54S484, SN54S485, SN74S484, SN74S485 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 





TYPICAL APPLICATION DATA 
SN54S485, SN74S485 


226 224 222 






225 223 221 
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28-BIT-BINARY-TO-BCD CONVERTER 


228 226 
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*SN54185/SN74185 can be used, 29-BIT-BINARY-TO-BCD CONVERTER 
K = 103, M=10° 
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TYPES SN54S484, SN54S485, SN74S484, SN74S485 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 





TYPICAL APPLICATION DATA 
SN54S485, SN74S485 
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30-BIT-BINARY-TO-BCD CONVERTER 
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32-BIT-BINARY-TO-BCD CONVERTER 


*SN54185/SN74185 can be used, 
K = 10°, M=10° 
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e 3-State Outputs Drive Bus Lines or 
Buffer Memory Address Registers 


e P-N-P Inputs Reduce D-C Loading 
e Hysteresis at Inputs Improves Noise Margins 


¢ Data Flow-thru Pinout (All Inputs on 
Opposite Side from Outputs) 


description 


These octal buffers and line drivers are designed to 
have the performance of the popular SN54LS240/ 
SN74LS240 series and, at the same time, offer a 
pinout having the inputs and outputs on opposite 
sides of the package. This arrangement greatly en- 
hances printed circuit board layout. 


The three-state control gate is a 2-input NOR such 
that if either G1 or G2 are high, all eight outputs are 
in the high-impedance state. 


The ‘LS540 offers inverting data and the ‘'LS541 
offers true data at the outputs. : 


TYPES SN54LS540, SN54LS541, SN74LS540, SN74LS541 
OCTAL BUFFERS AND LINE DRIVERS 


WITH 3-STATE OUTPUTS 


BULLETIN NO. DL-S 12722, AUGUST 1979 


SN54LS’ ... J PACKAGE 
SN74L9’ ... JOR NPACKAGE 
(TOP VIEW) 


A4 
A5 


A6 
A7 


A8 
GND 





Rated Rated Typical Power 
lo. IoH Dissipation 
The SN54LS540 and SN54LS541 are characterized sa aoa (Enabled) 
. whe Current) Current Inverting Noninverting 
for ee SAA Hs Le ain SN54LS’ 12mA —12mA 92.5mW 117.5 mW 
of —55 C to 125 C. TheSN7 and SN74LS'-24mA -—15mA_ 92.5 mW_—117.5 mW 


are characterized for operation from 0°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
Input voltage 
Operating free-air temperature range: SN54LS540, SN54LS541 

SN74LS540, SN74LS541 
Storage temperature range 


NOTE 1: Voltage values are with respect to the network ground terminal. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


Enable Inputs: Req= 9k. NOM 
All Other Inputs: Reg = 10k NOM 











7V 
—55°C to 125°C 
0°C to 70°C 


TYPICAL OF ALL OUTPUTS 
=——— Vcc 
502 


NOM 


OUTPUT 


A Ey SS I TE SS 
Copyright © 1979 by Texas Instruments Incorporated 
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TYPES SN54LS540, SN54LS$541, SN74LS540, SN74LS541 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 





t 


logic symbols 
"LS540 ‘LS541 


(2) (18) v1 





tThese symbols are in accordance with JEEE Std 91/ANSI Y32.14 and current discussions in IEC and IEEE, 


functional block diagram (positive logic) 


“LS540 "LS541 
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TYPES SN54LS540, SN54LS541, SN74LS540, SN74LS541 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 





recommended operating conditions 






PARAMETER 


SN54LS’ SN74LS° 
[MIN NOM Max | MIN Nom Max | UNIT 
45. 5  5.5|4.75 5 5.25 . 







Supply voltage, Vcc (see Note 1) 






High-level output current, TH oe ee 
Taimlaelovient eaten lop 
Operating free-air temperature, TA —55 125 0 70] °C 





NOTE 1: Voltage values are with respect to network ground terminal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 












ee 

| Vin Highlevelinputvoltage——=S=~=“‘CSCSC#*d’SCON#”C#SCté‘CNSNSC#ON“CONSSCOWSWSC“C(NSW‘“WSC®SC“(‘#’“CSNNNNNNWWUN 2®—s—*™~C~Cs~sCSCSsS 

[Vi___Lowevelinputvottage—S=~—“‘~sSC*C“‘SNCCCCOCOC*C“‘“CNCNCO#dNSC‘(‘’TYNNW’W.O?*YLOC*~“‘CSNSNCONC#OW®Y 

[Vik Input clamp voltage ——~S=S~—S MIN, «TMA | SC~*~—~SSCS BS TCS*~C“C*“‘*S*~—SCSCS 

o2 04 
cae ua aed RCN 24 34 24 34 





Vit = Vit max, IoH = -—3 mA 
Voc =MIN, ViIH=2V, 
ViL=O05V, loH = MAX 


Vec=MIN, | io, =12mA 
ViIH =2V, , = 
OL =24mA 


Vit = Vitmax 


VOH High-level output voltage 















0.25 04 


V Low-level output voltage 
OF 0.35 0.5 















Off-state output current, 





l Vv = =2.7V 
O2ZH high-level voltage applied nae sige ie 
Off-state output current " 
’ = =0.4 
'OZL low-level voltage applied ps amd tS Te ee 


m 


> 


\ HAD UE current at maximum Vec = MAX, Vp=7V 
input voltage 

WWH High-level input current, any input Vec = MAX, Vip =2.7V 

Nie Low-level input current Vcc = MAX, Vv, =04V 


N 
| 
N N 
o co) 


| 
° 
oN 
N 
Ni 
©| Slo] o 
| | 
Cini Pf wm [nr 
IPNLo] = fo} 
© 






















jo) 
| 3 BBE] s |<] < He4s 


[los Short-circuit output current® [Vcc = MAX =40 =225 | =40 =225 [mA 
Voc =MAX, ["Ls540 
Co; Pena | Outputs tow |Octuts on ‘LS541 ™ 
All outputs “LS640 30 
disabled "LS541 31 





TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tau typical values are at Voc = SV, Tap = 25°C. 
*Not more than one Output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, TA = 25°C 


low-to-high-level output 
Propagation delay time, CL =45 pF, RL = 6672, 


t 
PHL high-to-low-level output See Note 2 
tpZL Output enable time to low level 


tPZH Output enable time to high level 
tpLz Output disable time from low level CL =50F, 


tPpHZ Output disable time from high level See Note 2 


NOTE 2: Load circuit and voltage waveforms are shown on page 1-15. 































Rt = 667 2, 
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LSI SN74LS600 THRU SN74LS603 
MEMORY REFRESH CONTROLLERS 


AUGUST 1979 







(TIM99600 THRU TIM99603) 
SN54LS’ ... J PACKAGE 


SN74LS’ ... JOR N PACKAGE 
(TOP VIEW) 


e Controls Refresh Cycle of 4K, 16K, and BUSY Vcc 
64K Dynamic RAMs AO RC BURST 
e Creates Static RAM Appearance Al SEE TABLE 
A2 SEE TABLE 
e Choice of Transparent, Cycle Steal, or 
Burst Refresh Modes A3 HOLD 
3 F - A4 RAS 
e 3-State Outputs Drive Bus Lines Directly 
A5 REF REQ1 
e Critical Times Are User RC-Programmable 
are A6 REF REQ2 
to Optimize System Performance 
SEE TABLE RC RAS LO 
GND RC RAS HI 





SELECTION TABLE 


PIN ASSIGNMENTS 
DEVICE REFRESH MODES MEMORY SIZE 
NC NC 


‘LS600 Transparent, Burst 4K or 16K 4K/16K 


*LS601 Transparent, Burst 64K A7 NC 
‘LS602 Cycle Steal, Burst 4K or 16K 4K/16K RC CYCLE STEAL 
‘LS603 Cycle Steal, Burst 64K A7 RC CYCLE STEAL 





NC = No internal connection. 


description 


The ‘LS600 thru ‘LS603 memory refresh controllers contain one 8-bit synchronous counter, nine 3-state buffer drivers, 
four RC-controlled multivibrators, and other control circuitry on a monolithic chip. They are intended for use with 
RAS-only-refresh dynamic RAMs. These controllers have 3-state RAS and address outputs that are in the high-impedance 
state when no refresh is in progress. They become active approximately 30 nanoseconds after the REF REQ pins are 
taken high and remain active until about 30 nanoseconds after the refresh is complete. 


operating modes 


In the transparent refresh mode, row refresh cycles occur during inactive CPU-memory times so that, in most cases, 
the entire memory refresh sequence can be done “transparently” (without interrupting CPU operations). When the 
REF REQ pins are taken high to indicate an idle CPU/memory period, as many rows as possible are refreshed. A low 
level on BUSY signals the CPU to wait until the end of the current row refresh cycle before reinstating operations. 
When the RC time constant programmed at RC BURST indicates that the safe refresh time of the memory has been 
exceeded, the memory refresh controller will automatically signal the CPU for an emergency burst-mode refresh by 
taking HOLD low. The CPU must then take the REF REQ pins high and keep them at the level until HOLD goes high 
after all rows have been refreshed. The automatic burst refresh will be initiated by the refresh controller even when 
transparent or cycle-steal refresh operations are already in progress. 
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TYPES SN54LS600 THRU SN54LS603, 


SN74LS600 THRU SN74LS603 
MEMORY REFRESH CONTROLLERS 





Cycle-steal refresh is implemented by dividing the safe refresh time into equal segments and refreshing one row in each 
of those segments. The safe refresh time is programmed by the time constant at RC BURST and the segment time by 
the time constant at RC CYCLE STEAL. A low level at READY on the ‘LS602 and ‘LS603 indicates to the CPU to 
suspend operations for one memory cycle for a row refresh. In effect it ‘‘steals’’ one memory cycle from the CPU. 


In all operating modes, the latch on the automatic burst mode circuit is reset at the end of every complete memory 
refresh cycle. 


PIN FUNCTION TABLE 


FUNCTIONAL DESCRIPTION 
a ae Active output indicates to the CPU that a refresh cycle is in progress. 
| 16 | HOLD Active output should be a priority interrupt to the CPU for emergency burst refresh. 























[1s [ RAS | Ssateoutputrowaddressstrobe SS SSCSCSC~“~“‘~S*~*d 


1 9 | Az __|__ MSB row address line for ‘LS600 and ‘LS603 (64K-bit memory controllers). 
Ye waae iA high input level disables the AG row address line for ‘LS600 and ‘LSGO2. (The high level input 


makes the count chain 6 bits long while the low level makes the count chain 5 bits long.) 


et Interrupt to CPU for cycle steal refresh ('LS602 and ‘LS603). 
V7 READY F : 
No internal connection on *LS600 and ‘LS601. 
| 18 | RCCYCLE STEAL Timing node that controls the READY output. See Note 1 
| 19 | RC BURST Timing node for burst refresh. See Note 1. 


REF REQ], 
REF REQ2 


Vcc, GND 5-V power supply and network ground pins. 


NOTE 1: All timing nodes require a resistor to Vcc and a capacitor to GND. Programmed time is approximately equal to 0.24 RC, 









High level on both pins starts and continues row refresh. Low on either pin inhibits refresh 
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TTL TYPES SN54LS604 THRU SN54LS607, 
LSI 


SN74LS604 THRU SN74LS607 
OCTAL 2-INPUT MULTIPLEXED LATCHES 


BULLETIN NO. DL-S 12699, JULY 1979 







(TIM99604 THRU TIM99607) 


e Choice of Outputs: SN54LS604 thru SN54LS607 .. . J PACKAGE 
Three-State ('LS604, ‘LS606) SN74LS604 thru SN74LS607 ... JOR N PACKAGE 
Open-Collector ('LS605, ‘LS607) (TOP VIEW) 

e 16 D-Type Registers, One for each Data 

input CLOCK Vcc 
e Multiplexer Selects Stored Data from n 
Either A Bus or B Bus SELECT A/B AS 

e Application Oriented: Al BS 
Maximum Speed (’LS604, ’LS605) 

Giltch-Free Operation (‘LS606, ‘LS607) Bt me 

bts A2 B6 

description 


B2 A7 
The ‘LS604 through ‘LS607 multiplexed latches are 
ideal for storing data from two input buses, A and B, 
and providing the output bus with stored data from B3 


either the A or B register. 


A3 B7 


A8 


A4 B8 


The clock loads data on the positive-going (low-level 
to high-level) transition. The clock pin also controls 
the active and high-impedance states of the outputs. Y4 
When the clock pin is low, the outputs are in the 
high-impedance or off state. When the clock pin is 
high, the outputs are enabled. y2 


B4 Y8 


Y7 
Y3 Y6 
Y5 


The ‘LS604 and ’LS605 are optimized for high-speed GND YI 


operation. The ‘LS606 and ‘LS607 are especially 
designed to eliminate decoding voltage spikes. 





These functions are ideal for interface from a 16-bit microprocessor to a 64K RAM board. The row and column addresses 
can be loaded as one word from the microprocessor and then multiplexed sequentially to the RAM during the time that 
RAS and CAS are active. 


The SN54LS604 through SN54LS607 are characterized for operation over the full military temperature range of —55°C 
to 125°C; the SN74LS604 through SN74LS607 are characterized for operation from 0°C to 70°C. 


FUNCTION TABLE 


INPUTS OUTPUTS 
vi-vs 
L t B data 
t A data 
L Z or Off 
H B register stored data 
H 


H 
Xx 
L 
H 





A register stored data 


H = high level (steady state) L = low level (steady state) 
X = irrelevant Z = high-impedance state 
Off = H if pull-up resistor is connected to open-collector output 

t = transistion from low to high level 
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TYPES SN54LS604 THRU SN54LS607,SN74LS604 THRU SN74LS607 
OCTAL 2-INPUT MULTIPLEXED LATCHES 





logic symbolst functional block diagram (positive logic) 












| 
cay 


Salas sal 


RIRIRIEI EI 


ccak 







tThese symbols are in accordance with IEEE Std 91/ANS! Y32.14 and current discussions in 1EC and IEEE. 





schematics of inputs and outputs 





EQUIVALENT OF SELECT INPUTS 












EQUIVALENT OF A AND B INPUTS EQUIVALENT OF CLOCK INPUTS 


Vcc re 
22 kQ 
NOM 

INPUT -— 










Vv soe 
we 4kQ 


NOM 








V. a 
=e 10 kQ 


NOM 





TYPICAL OF ALL OUTPUTS 
("LS605, ‘LS607) 





TYPICAL OF ALL OUTPUTS 
("LS604, ‘LS606) 
me Vcc 

100 2 

NOM 













OUTPUT 






OUTPUT 
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TYPES SN54LS604, SN54LS606, SN74LS604, SN74LS606 
OCTAL 2-INPUT MULTIPLEXED LATCHES WITH 3-STATE OUTPUTS 





recommended operating conditions 


SN54LS604 SN74LS604 
SN54LS606 SN74LS606 
MIN NOM MAX MIN NOM MAX 


UNIT 
Supply voltage, Voc (see Note 1) 75 5 5.25 
High-level output current, lo 
Low-level output current, Io. 
Width of clock pulse, ty, 
Setup time, tsy 
Hold time, tp! 
Operating free-air temperature, Ta 











bh 
NIN 
oO}O01o 
>|> 
N 
h 


°o 


NOTE 1: Voltage values are with respect to network ground terminal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

















SN54LS604 SN74LS604 
PARAMETER TEST COND!TIONSt SN54LS606 SN74LS606 UNIT 
MIN TYP} MAX | MIN TYP? MAX 
Vv lighter ut Wolter ee a 
V Low-level inputvoltage | 
Vik Input clamp voltage Voc=MIN,  l)=—18mA Me ae oo BA 
VoH High-level output voltage nae ie oo q =e 24 3.1 24 3.1 
=MIN, =2V, [lop=12mA [0.250 0.4 [025 0.4 | 
Vor _ Low-level output voltage ae en giles! on = aa me 0.35 0.5 
Off-state output current, | Vcc = MAX, VIH=2V, 
A 
'OZH high-level voltage applied | Vj_ = Vii max, Vo =2.7V eo sia leg 
Off-state output current, | Vcc = MAX, VIH=2V, 
loz low-level voltage applied | Vj_ =Vy_max, Vo=0.4 age ol ea 
nput current at i zi PARE he OMe eT 
POG OY ei seteen ie Oe a 
; : PAB i 0 
HH High-level input current Vcc =MAX, Vi =2.7V AS see a fa LA 
; | oa OM 
Nea. opr innicaien | Vee eM SVIPOAV SC rcsctecr| = os oo 
Short-circuit = os = =e = 
los output current Vcc MOK 30 130 SC 120 
Icc Supply current Vcc = MAX, See Note 2 55 70 55 70 





TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
tail typical values are at Voc = 5 V, Ta = 25°C. 

§ Note more than one output should be shorted at a time, 

NOTE 2: Ic¢c¢ is tested with al! inputs grounded and all outputs open. 


switching characteristics, Vcc = 5 V, TA = 25°C 

























FROM ‘LS606 unit 
TEST CONDITIONS 
ECP AEIER (INPUT) | __Testconoirions | MIN TYP MAX | MIN Typ max |UN'T 

Select A/B 15 25 36 50 
(Data: A = H, B= L) 23 35 16 30 
Select A/B CL=45pF, Ry, =6672, 31 45 2235 os | 
(Data: A= L, B= H) See Note 3 19 30 22 35 
1930 a 
—- CL=5pF, RL =6672, 2030 2030 
See Note 3 i525 15.25 





tpLH = Propagation delay time, |ow-to-high-tevel output 

tpHL = propagation delay time, low-to-high-level output 

tzH = output enable time to high level 

tz, = output enable time to low level 

tyz = output disable time from high level 

tLz = output disable time from low level 

NOTE 3: Load circuits and voltage waveforms are shown on page 1-14, 
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TYPES SN54LS605, SN54LS607, SN74LS605, SN74LS607 
OCTAL 2-INPUT MULTIPLEXED LATCHES WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 


[45 65S | 

[| High-level outputvoltag, Von | TV 

[| Low-level outputcurrent ton te sma 
eee Ir: 

2 









12 2 
20 esg0e = ee ets S| 
jrsstup timevtig co 8 Ot 
ot ot | ons | 

55 125 





Hold time, th ee ee | 


NOTE 1: Voltage values are with respect to network ground terminal. 















electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54LS605 SN74LS605 
PARAMETER TEST CONDITIONSt SN54LS607 SN74LS607 UNIT 
MIN TYP# X | MIN TYP? MAX 


MA 
Vin High-level inputvoltage | 
Vit__Lowrlevel inputvoltage | || 
2 
0 
—0 















Vik Input clamp voltage 1} =-18mA 


2 
I High-level output current 
ae : 4 Vit = Vi_max, Von = 5.5 V || 
Vec =MIN, Vip =2V, | =12mA 0.25 
VOL Low-level output voltage ce a OL 
ViL = Vit max loL =24mA 
Input current at PAB ll ne = —— Oe 
1 : : Vcc = MAX, V;=7V 
Maximum input voltage CLK, SELECT i = Ot 


20 
I High-level input current | Voc = MAX, Vj,=za2.7V ae | 
1H a ce I CLK, SELECT 


7 
50 
4 
20 
60 





AB poe] 
l Low-level input current Vcc = MAX, Vv; =0.4V 

ve CLK,SELECT| ss 0.2 | 
lec Supply current Vcc = MAX, See Note 2 


TtFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
Fan typical values are at Voc = 5 V, Ta = 25°C, 
NOTE 2: lec is tested with all inputs grounded and all outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


FROM 
PARAMETER TEST CONDITIONS 
(INPUT) 
(Date: A= HB =U) 
Seact AUB 
t 


tPLH = propagation delay time, low-to-high-level output 

















Cy =45pF, Ry, = 6672, 
See Note 3 













tPHL = Propagation delay time, low-to-high-level output 
NOTE 3: Load circuits and voltage waveforms are shown on page 1-14. 
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TTL 3 TYPES SN54LS608, SN74LS608 
MSI MEMORY CYCLE CONTROLLERS 


AUGUST 1979 






: Tr (TIM99608) 
Provides Correct Timing for Memory Cycles SN54LS608 .. . J PACKAGE 


— Read Cycle SN74LS608 ...J OR N PACKAGE 
(TOP VIEW) 


— Write Cycle 
— Read-Modify-Write Cycle 
— RAS-Only Refresh Cycle 


RC PRECHARGE Vec 
e Page or Normal Modes a; os 
P/N IN RC CAS LO 
e Stand-Alone Controller for CPU-to-Memory es 
Interface R/W IN REFRESH IN 
© Also Designed to be Part of a Three-Chip Set me STAB TIN 
Consisting of ‘LS600 thru ‘LS603, ‘LS604 R/W OUT RC RAH 
oo ee RAS ENABLE IN ROW/COLUMIN OUT 
e RAS Output is 3-State to Share Bus With _ neieRaarenent) 
‘LS600 thru ‘LS603 AS OUT CAS HOLD IN 
GND CAS OUT 


© Critical Times Are User RC-Programmable to 
Optimize System Performance 





description 


The ‘LS608 memory cycle controller is designed to interface between a microprocessor and dynamic RAM memories. 
It contains six RS latches, five D-type flip-flops, and more than 50 miscellaneous gates on a single chip. The ‘LS608 
combines maximum flexibility and ease of programming via RC nodes to allow optimum memory cycle performance. 


The ‘LS608 can operate as a stand-alone interface but is also designed to be part of a three-chip memory controller set. 
The user must select one of the ‘LS600 thru ‘LS603 refresh controllers and one of the ‘LS604 thru ‘LS607 multiplexers 
to use along with the ‘LS608 memory cycle controller for complete dynamic RAM control. 

After the user has selected and attached RC networks to pins 1, 12, and 15, the ‘LS608 will deliver proper RAS, CAS, 


and READ/WRITE output signals to execute one memory cycle as the start input is switched from low to high. The 
actual cycle executed will depend upon steady-state input conditions of the ‘LS608 as indicated in the table below. 


MEMORY CYCLE joe Ay 
IN IN 
READ H 
READ-MODIF Y-WRITE H 
READ L H 
WRITE NORMAL L L 
READ-MODIFY-WRITE L H 


REFRESH 
REFRESH 
EXTERNAL REFRESH 


H = High, L= Low, x = irrelevant, t = low-to-high transition 












INPUT CC CONDITIONS 





START 





ENABLE 


2 
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TYPES SN54LS608, SN74LS608 
MEMORY CYCLE CONTROLLERS 





PIN FUNCTION TABLE 
FUNCTIONAL DESCRIPTION 


RC PRECHARGE User-programmable timing node* for precharge (CAS high and RAS high). 
P/N IN 
RMW 


WIN 
MW IN 
ND 






When high, enables page mode; when low, enables normal mode. The 
Page mode read or write cycle holds RAS continuously low while CAS and 






column addresses are sequenced. 













When high, initiates a read cycle (holds R/W OUT high). When low, initiates 
a write cycle (holds R/W OUT low). Pin 4 must be high. 






When low, enables read-modify-write cycle. R/W IN must be high at the start 
of the RMW cycle. 







When high, indicates a read cycle is in progress. When low, indicates a write 
cycle is in progress. Normally ties to a W memory input in asystem. 






R/W OUT 
RAS ENABLE IN 





When low, enables RAS output. When high, RAS is in the high-impedance or 
third state. 






3-state row-address-strobe output controlled by RAS ENABLE IN. In the 
three-chip controller set, the RAS output of the ‘LS608 ties to the RAS 
output of the refresh controller (‘LS600 thru ‘LS603). 










po poems ila ee ty fe 
CAS OUT Column-address-strobe output. 


CAS HOLOIN 


MEMBSY and ROW/COLUMN OUT 


R 
_ 
G 


When tow, allows CAS to latch in low state. When high, latch is removed. 






Can be used to improve data retrieval during read cycle, 






In a system where the ‘LS608 is a stand-alone controller, this output indicates 





a memory busy condition to the microprocessor, When the ‘LS608 is used as a 
part of a three-chip controller set, this pin ties to the SELECT A/B input of 
the multiplexer (‘LS604 thru ‘LS607) in addition to indicating a memory 
busy condition to the microprocessor. 









User-programmable timing node* for row address hold time. (high level at 
MEMBSY and ROW/COLUMN OUT), 


When high, enables RAS-only refresh cycle, 
User-programmable timing node* for column-address-strobe low time. 


* All timing nodes require a resistor to Vcc and a capacitor to ground. Programmed time is approximately 0.24 RC. 












TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





6-87 


6-88 








SSE a Sl a EF DEE OLE AE TLE TE AI ERLE DE CEE NOC SNA NES IAEA REEL AI APOE LIE ELE TEAL ALLL SIA ILLES LEE, 
Copyright © 1979 by Texas Instruments Incorporated 


TTL TYPES SN54LS610 THRU SN54LS613, 
LSI SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 


AUGUST 1979 


(TIM99610 THRU TIM99613) 





e Expands 4 Address Lines to 12 Address Lines SN54LS’... J PACKAGE 
: ; SN74LS’ ... JOR N PACKAGE 
e Designed for Paged Memory Mapping (TOP VIEW) 
e Output Latches Provided on ‘LS610 and 
"LS611 
e Choice of 3-State or Open-Collector Map 
Outputs 
e Compatible with TMS 9900 and Other 
Microprocessors 
OUTPUTS MAP 
DEVICE LATCHED OUTPUT TYPE 
DATA BUS 1/0 DATA BUS 1/0 
‘LS610 3-State 
"LS611 Open-Collector 
‘LS612 3-State 
"LS613 Open-Collector 
description 
7 . MAP OUTPUTS MAP OUTPUTS 
These memory-mapper integrated circuits contain a 
4-line to 16-line decoder, a 16-word by 12-bit RAM, 
16 channels of 2-line to 1-line multiplexers, and other 
miscellaneous circuitry on a monolithic chip. The 
‘LS610 and ‘LS611 also contain 12 latches with an 
enable control. *NOTE: Pin 28 has no internal connection on 'LS612 and 'LS613 


The memory mappers are designed to expand a microprocessor’s memory address capability by eight bits. The four most- 
significant bits of the memory address bus (see Figure 1) can be used to select one of 16 map registers that contain 
12 bits each. These 12 bits are presented to the system memory address bus through the map output buffers along with 
the unused memory address bits from the CPU. However, addressable memory space without reloading the map registers 
is the same as would be available with the memory mapper left out. The addressable memory space is increased only by 
periodically reloading the map registers from the data bus. 


This configuration lends itself to memory utilization of 16 pages of 2(n—4) registers each without reloading (n = number 
of address bits available from CPU). 


These devices have four modes of operation (read, write, map, and pass). Data may be read from or loaded into the map 
register selected by the register select inputs (RSO thru RS3) under control of R/W whenever chip select (CS) is low. 
The data 1/O takes place on the data bus DO thru D7. The map operation will output the contents of the map register 
selected by the map address inputs (MAO thru MA3) when CS is high and MM (map mode control) is low. The ‘LS612 
and ‘'LS613 output stages are transparent in this mode, while the ‘LS610 and ‘LS611 outputs may be transparent or 
latched. When CS and MM are both high (pass mode), the address bits on MAO thru MA3 appear as the most 
significant bits at the map outputs (assuming appropriate latch enable ) with low levels in the other bit positions. 


MEMORY ADORESS BUS 


MEMORY MAPPER 


MAO-MA3 MOO-MO11 


DATA AND CONTROL BUS 


FIGURE 1 
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TYPES SN54LS610 THRU SN54LS613, SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 





functional block diagram (positive logic) 





8 L’s FOR LEAST SIGNIFICANT BITS 





ME 
cs pene 
c¢ LATCH; Q 
LS610! 12 
D & MOo-MO11 






16 X 12 RAM ARRAY 
MAP-REGISTER 


‘LS611, 
only } 


MAO-MA3 









RSO-RS3 


DO-D11 


STROBE 


PIN FUNCTION TABLE 





| PINS FUNCTIONAL DESCRIPTION 
1/0 connections to data and control bus used for reading from and writing to the map register 


7-12, DO thru D11 
29-34 selected by RSO—RS3 when GS is low. Mode controlled by R/W. 
36, 38, 1,3 RSO thru RS3 ‘Register select inputs for !/O operations. 



















STROBE Strobe input used to enter data into the selected map register during I/O operations. 


RW Read or write control used in 1/O operations to select the condition of the data bus. When high, the 
data bus outputs are active for reading the map register. When low, the data bus is used to write into 
the register. 

cs Chip select input. A low input level selects the memory mapper (assuming more than one used) for 
an 1/O operation. 


35, 37, 39, 2 | MAO thru MA3 Map address inputs to select one of 16 map registers when in map mode (MM low and CS high). 


Map outputs. Present the map register contents to the system memory address bus in the map mode. 
In the pass mode, these outputs provide the map address data on MO8—MO11 and low levels on 
MOO—MO7. 


14-19 MOO thru MO11 

22-27 
Map mode input. When tow, 12 bits of data are transferred from the selected map register to the map 
outputs. 


outputs. When high (pass mode), the 4 bits present on the map address inputs are passed to the map 
28 Cc Latch enable input for the ‘LS610 and ‘LS611 (no interna! connection for 'LS612 and ‘LS613).A 
high level will transparently pass data to the map outputs. A low level will latch the outputs. 


Map enable for the map outputs. A low level allows the outputs to be active while a high input level 
puts the outputs at high impedance. 
40, 20 Vec. GND 5-V power supply and network ground (substrate) pins. 
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TTL TYPES SN54LS620 THRU SN54LS623, 
MSI SN74LS620 THRU SN74LS623 
OCTAL BUS TRANSCEIVERS 


BULLETIN NO. DL-S 12708, AUGUST 1979 






e Bidirectional Bus Transceivers in 
High-Density 20-Pin Packages 


e Local Bus-Latch Capability 


e Hysteresis at Bus Inputs !mproves 
Noise Margins 


e Choice of True or Inverting Logic 


SNS4L9’...J PACKAGE 





© Choice of 3-State or Open-Collector SN74LS’ ...J OR N PACKAGE 
Outputs (TOP VIEW) 
DEVICE OUTPUT LOGIC ENABLE Vec 
"LS620 3-State inverting GAB ENABLE 
‘LS621 Open-Collector True Al GBA 
‘"LS622 Open-Collector Inverting 
‘LS623 3-State True A2 Bi 
description A3 B2 
These octal bus transceivers are designed for asyn- A4 B3 
chronous two-way communication between data 
buses. The contro! function implementation allows Ad B4 
for maximum flexibility in timing. 
A6 BS 
These devices allow data transmission from the A bus 
to the B bus or from the B bus to the A bus depend- A7 B6 
ing upon the logic levels at the enable inputs (GBA 
and GAB). A8 B7 
The enable inputs can be used to disable the device GND B8 
so that the buses are effectively isolated. 
The dual-enable configuration gives the ‘LS620 thru 
"LS623 the capability to store data by simultaneous FUNCTION TABLE 
enabling of GBA and GAB. Each output reinforces ENABLE INPUTS 
its input in this transceiver configuration. Thus, 


: GBA GAB ‘LS620, ‘LS622 ‘LS621, ‘LS623 
when both control inputs are enabled and all other = 
- s L B data to A bus B data to A bus 
data sources to the two sets of bus lines are at high = 
c < : ‘ H A data to B bus A data to B bus 
impedance, both sets of bus lines (16 In all) will L [Isolation | __Isolation _| 
remain at their last states. The 8-bit codes appearing 


B data toA bus, B data to A bus, 


on the two sets of buses will be identical for the = 
A data to B bus A data to B bus 


"LS621 and ‘'LS623 devices or complementary for 
the ‘LS620 and ‘LS622. H = high Jevel, L = low level, X = irrelevant 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
InpUtvoltage: 42cen deiild ole ds acts evens te ane oS 8-4 of ine te ee ORs 6 he See Aedes brated Be Day thet date 7V 


Off-state output voltage wk ne ee ee ee ee ee eee ees 5.5V 
Operating free-air temperature range: SN54LS’ ww ee ees —55°C to 125°C 

SNIGLS wie outed aaa aun poe led & awa ances 0°C to 70°C 
Storage temperature range 6 wk ce ee ee eee ne eee eee eee nae —65°C to 150°C 


NOTE 1: Voltage vatues are with respect to network ground terminal. 
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TYPES SN54LS620 THRU SN54LS623, 
SN74LS620 THRU SN74LS623 
OCTAL BUS TRANSCEIVERS 





logic symbolst 


‘LS620 *LS621 "LS622 ‘LS623 
(PARTIAL) (PARTIAL) (PARTIAL) 


GBA 
GAB 





TThese symbols are in accordance with IEEE Std 91/ANSI Y32.14 and current discussions in IEC and IEEE. 


functional block diagrams (positive logic) 


% 'LS620, % ‘LS622 % 'LS621, %*LS623 


GBA 

GAB 
Al B1 
A2 B2 





Nass jane 


TO OTHER SIX 


TO OTHER SIX 
TRANSCEIVERS 


TRANSCEIVERS 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF OUTPUTS OF TYPICAL OF OUTPUTS OF 
"LS620, ’LS623 ‘LS621, ‘LS622 


--- Vcc 
10 k2 NOM 50 2 NOM 


OUTPUT 


OUTPUT 
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TYPES SN54LS620, SN54LS623, SN74LS620, SN74LS623 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 





recommended operating conditions 



















SN54LS620 SN74LS620_ . 
PARAMETER SN54LS623 SN74LS623 UNIT 
[MIN NOM MAX] MIN NOM MAX | 
| Supply voltage, Vcc (seeNote) T8525 | VI 
| High-level output current, Igy ta Tm 
Operating free-air temperature, Ta —55 125 0 70 





NOTE 1: Voltage values are with respect to network ground terminal, 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


















































SN54LS620 SN74LS620 
PARAMETER TEST CONDITIONSt SN54LS623 SN74LS623 UNIT 
MIN TYP£ MAX|MIN TYP? MAX 
Vin High-level input voltage (See neCeeeve (Fa RN Die” CE 
Vi___Low/evel input voltage ee ee OO | 
[Vie Input clamp voltage ——=—S—~—SC~SS Vg = MINN, BMA CSCS] COCSC~C~‘“— TSS | 
Hysteresis (V74— VT_) A or B input Vcc = MIN 101 04 £#| 02 04 
Vec=MIN, | Iigy=-3mA}] 2.4 3.4 24 3.4 
‘VoOH High-level output voltage Vip =2V, ae 5 x Vv 
Vit=Vitmax|ton=MAX | 2 | 2 
VoL Low-level output voltage Vin=2V, Vv 
Vite Vit max|tor=24ma] | 0.858 
Off-state output current, Vcc = MAX, at 2V, wa | 
20 20 A 
'OZH high-level voltage applied Vo=2.7V # 
Off-state output current, Vcc =MAX, Gat2V, 
1OZL BA 
low-level voltage applied Vo =0.4V 
Input current at Ae WpebaV On 
"| __ maximum input voltage Geaorcap_|-CC"MA*: Tyiazv [Sot SCC 
Ii High-level input current Veq=MAX, Vj=27V_ | ——~—ofSSCS~S~SO cv 
Low-level input current Vec=MAX, Vi=04V f - 400 400 HA 
los Short-circuit output current —40 —225 | —40 —225 
Outputs high 48 70 48 70 
icc Total supply current 62 90] 6290] mA 
| [649s Sit | 
t For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
¥ All typical values are at Veg = 5 V, Ta = 25°C. 
q Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second, 
switching characteristics at Vcc = 5 V, Ta = 25°C 
‘LS620 ‘LS623 
PARAMETER Unpury | (ourput) | TEST CONDITIONS | ‘tse20 | tees UNIT 
MIN TYP MAX!{MIN TYP MAX 
: Propagation delay time, i ee ee ge Oe AO, SBD 154 
PLH _ tow-to-high-level output Oa: Be Se ae ee ie Se) ed em) 
; Propagation delay time, ae el ee aaa: Bo 
PHL _high-to-low-level output | Bo | A | RL = 667 2 he a Oe AG 1115 
: 31-40 3140 
tpZ2L Output enable time to low level . GAB |B. Seveies 31 40 31 40 
; Sai stdeieeieke RIG oael ‘. eee) 2640 fons 
ee ee [ GAB |  B _| 2340 2640 
Sones Z PE 8 1525 
tpLz Output disable time from low level GAB k= BI ae : ae 15 25 15 75 
; oe ae | ee 1525 
tpHz Output disable time from high ee GAR 8 | See Note 2 15 25 [41528 | 






NOTE 2: For load circuits and voltage waveforms, see page 1-15, 
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TYPES SN54LS621, SN54LS622, SN74LS621, SN74LS622 
OCTAL BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 


SN54LS621 SN74LS621 
MIN NOM MAX 
[Supply voltage, Voc Wee Nowe) ——SCSSCSC~“CSC“~*~CSC~S*~‘“S*SCS*~S*~r | | 
| Highteve! output voltege, Von SSCS] 


Operating free-air temperature, Ta —55 125 (0) 70 


NOTE 1: Voitage values are with respect to network ground terminal. 






















TEST CONDITIONSTt 














Vec=MIN, 
















SN54LS621 SN74LS621 
oe (ey ae 
P| | 
pHisteresis(Vry—Vi-)AerBinput | Vec=MIN.——s [oa oa [oz oa |v 
VoL Low-level output voltage Vin =2V, Vv 
in High-level input current [Vec=MAX, viza7v [SiS 
Ne Low-level input current —400 | uA 
tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions, 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
aaa 2 
1.5 
Vec=MIN, Vip =2V, 
loH High-level output current ce In 100 | yA 
Vit = Vit max, Von = 5.5 V 
Input current at 
ly : ; Vcc =MAX, Vy=7V mA 
maximum input voltage 
hi | 4870 
Icc ‘Total supply current Outnutstiah Vec=MAX, Outputs open 4870 4870! 
62 90 2 
fall typical values are at Vec=5V, Ta = 25°C. 





switching characteristics at Vcc = 5 V, Ta = 25°C 




























NOTE 2: For load circuits and voltage waveforms, see page 1-15. 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PARAMETER TEST CONDITIONS UNIT 
poesia Meant 
Saco ne ae eee eat eee 
soa ProBagation delay time, at 8 eS 
high-to-low-level output R1 = 6672, 
from low level | caw | 8 Sea Nowa 
from high level | GaB | Bl 
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TYPES SN54LS630,SN54LS631,SN74LS630,SN74LS631 
16-BIT PARALLEL ERROR DETECTION 
AND CORRECTION CIRCUITS 


AUGUST 1979 








; ; (TIM99630, TIM99631) 
e Detects and Corrects Single-Bit Errors SN54LS' ... J PACKAGE 
SN74LS' ... JOR N PACKAGE 
e Detects and Flags Dual-Bit Errors (TOP VIEW) 


@ Fast Processing Times: 
Write Cycle: Generates Checkword in 
35 ns Typical 
Read Cycle: Flags Errors in 40 ns Typical 


e Power Dissipation 600 mW Typical CONTROL 


an on 
Go = 


e Choice of Output Configurations: 


CBO 
‘LS630 .. . 3-State 
‘LS631... Open-Collector Bt 
DATA CB2 CHECK 
description ellS CB3 BITS 
CB4 
The ‘LS630 and ‘LS631 devices are 16-bit parallel 
error detection and correction circuits (EDACs) in eae 
28-pin, 600-mi!l packages. They use a modified DB15 


Hamming code to generate a 6-bit checkword from 
a 16-bit data word. This checkword is stored along 
with the data word during the memory write cycle. 
During the memory read cycle, the 22-bit words from 
memory are processed by the EDACs to determine if 
errors have occurred in memory. 


DB14 DATA 
DB13 BITS 


DB12 





Single-bit errors in the 16-bit data word are flagged and corrected. 


Single-bit errors in the 6-bit checkword are flagged, and the CPU sends the EDAC through the correction cycle even 


though the 16-bit word is not in error. The correction cycle will simply pass along the original 16-bit word in this case | 6 
and produce error syndrome bits to pinpoint the error-generating location. 





Dual-bit errors are flagged but not corrected. These dual errors may occur in any two bits of the 22-bit word from 
memory (two errors in the 16-bit data word, two errors in the 6-bit checkword, or one error in each word). 


The gross-error condition of all lows or all highs from memory will be detected. Otherwise, errors in three or more bits 
of the 22-bit word are beyond the capabilities of these devices to detect. 


CONTROL FUNCTION TABLE 


EDAC Function Data t/O Checkword 1/O | Error Flags _| 


Generate Checkword Output Checkword 
Read Data & Checkword Input Checkword 
Latch & Flag Errors Latch Checkword Enabled 


Correct Data Word & ‘ 
. Output Corrected Data Output Syndrome Bits Enabled 
Generate Syndrome Bits 
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TYPES SN54LS630,SN54LS631,SN74LS630,SN74LS631 
16-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 





functional block diagram 


CHECK WORD 
1/0 
CBO-CB5 


3STATE 
BUFFER 





DATA 1/0 
OBO-DB15 


SE 
SINGLE-ERROR 
FLAG 


ERROR ERROR 
CORRECT ai DETECT 


DEF 
DUAL-ERROR 
FLAG 






[ween Date_| 6-8: Checkword | SEF _| 
0 L 
H 
H 
H 
H 
H 


In order to be able to determine whether the data from the memory is acceptable to use as presented to the bus, the 
EDAC must be strobed to enable the error flags and the flags will have to be tested for the zero condition. 






Data Correction 


Not Applicable 
Correction 






Correction 





Interrupt 
Interrupt 
Interrupt 






The first case in the error function table represents the normal, no-error condition. The CPU sees lows on both flags. 
The next two cases of single-bit errors require data correction. Although the EDAC can discern the single checkbit 
error and ignore it, the error flags are identical to the single error in the 16-bit data word. The CPU will ask for data 
correction in both cases. An interrupt condition to the CPU results in each of the last three cases, where dual errors 
occur, : 


error detection and correction details 


During a memory write cycle, six check bits (CBO-CB5) are generated by eight-input parity generators using the data 
bits as defined below. During a memory read cycle, the 6-bit checkword is retrieved along with the actual data. 
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TYPES SN54LS630,SN54LS631,SN74LS630,SN74LS631 
16-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 


CHECKWORD 16-BIT DATA WORD 
BIT o #61 2 3 4 5 6 7 8 9 10 11 #12 13 14 #15 
x 





The six check bits are parity bits derlved from the matrix of data bits as Indicated by ‘’x"’ for each bit. 


Error detection is accomplished as the 6-bit checkword and the 16-bit data word from memory are applied to internal 
parity generators/checkers. If the parity of all six groupings of data and check bits are correct, it is assumed that no 
error has occurred and both error flags will be low. (It should be noted that the sense of two of the check bits, bits CBO 
and CB1, is inverted to ensure that the gross-error condition of all lows and all highs is detected.) 


If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error flag or flags will 
be set high. Any single error in the 16-bit data word will change the sense of exactly three bits of the 6-bit checkword. 
Any single error in the 6-bit checkword changes the sense of only that one bit. In either case, the single error flag will 
be set high while the dual error flag will remain low. 


Any two-bit error will change the sense of an even number of check bits. The two-bit error is not correctable since the 
parity tree can only identify single-bit errors. Both error flags are set high when any two-bit error is detected. 


Three or more simultaneous bit errors can fool the EDAC into believing that no error, a correctable error, or an uncor- 
rectable error has occurred and produce erroneous results in all three cases. 


Error correction is accomplished by identifying the bad bit and inverting it. Identification of the erroneous bit is 
achieved by comparing the 16-bit data word and 6-bit checkword from memory with the new checkword with one 
(checkword error) or three (data word error) inverted bits. 


As the corrected word is made available on the data word 1/O port, the checkword I/O port presents a 6-bit syndrome 
error code, This syndrome code can be used to identify the bad memory chip. 


ERROR SYNDROME TABLE 


SYNDROME ERROR CODE 
ERROR LOCATION CBO CB1 CB2 CB3 CB4 CB5 


DBO 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
DB8 
DB9 
DB10 
DB11 
DB12 
DB13 
DB14 
DB15 
CBO 
CB1 
CB2 
CB3 
CB4 
CB5 
NO ERROR 


wo 


SS ee ree ee ee Sa ae ee 
he Se ee ee Pe ok ee da i ee a ee 
MITrITIrFrTrzrierzgz~eroi@qrérzg¢~roeireaiTrrrirres 
Sale Rm nN mags Sn OR Ow Se A OR cal mals ear” SP A wed gens Ce Se eae De va 
IFrtiririrrrrrreaszarzrzszT~rrrrereresaist 
Se Beet eee rr eer Lh ee eS ye 
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TYPES SN54LS630,SN54LS631,SN74LS630,SN74LS631 
16-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 





applications 


It is possible to design the error detection and correction function using a single EDAC. Even though most semiconductor 
memories have separate inputs and outputs, the EDAC’s data and checkbit pins are 1/O combinations. But wired-AND 
logic becomes mandatory, and a fairly complex system timing is required for both bus logic and controlling the EDAC. 
This scheme becomes difficult to implement both in terms of board layout and timing. System performance is also 
adversely affected. See Figure 1. 


16-BIT DATA BUS 












EDAC 
‘LS630 or 
"LS631 







22-BIT MEMORY 
{SEPARATE INPUT AND 
OUTPUT BUSES) 


FIGURE 1—-ERROR DETECTION AND CORRECTION USING A SINGLE EDAC UNIT 


Optimized systems can be implemented using two EDACSs in parallel. One of the units is used strictly as an encoder 
during the memory write cycle. Both controls SO and $1 are grounded. This encoder chip will generate the 6-bit check- 
word for memory storage along with the 16-bit data. 


The second of the two EDACs will be used as a decoder during the memory read cycle. This decoder chip does require 
timing pulses for proper operation. Contro! SO is set low and $1 high as the memory read cycle begins. After the 
memory output data is valid, the control SO input is moved from the low to a high. This low-to-high transition latches 
the 22-bit word from memory into internal registers of this second EDAC and enables the two error flags. !f no error 
occurs, the CPU can accept the 16-bit word directly from memory. If a single error has occurred, the CPU must move 
the control $1 input from the high to a low to output corrected data and the error syndrome bits. Any dual error 
should be an interrupt condition. 


In most applications, status registers will be used to keep tabs on error flags and error syndrome bits. If repeated 
patterns of error flags and syndrome bits occur, the CPU will be able to recognize these symptoms as a “‘hard”’ error. 
The syndrome bits can be used to pinpoint the faulty memory chip. See Figure 2. 


16-BIT DATA BUS 
22-BIT MEMORY 


*LS630 or 
“LS631 

(SEPARATE INPUT AND 

OUTPUT BUSES) 











DECODER ‘SO 





$1 







FUNCTION 


Start read 
Latch data and flag errors 


L H 









=z 
=x 


Correct data and output 
syndrome bits 


STATUS REGISTERS 
AND 
HARD ERROR DETECT 


To CPU 


FIGURE 2—ERROR DETECTION AND CORRECTION USING TWO EDAC UNITS 
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TTL TYPES SN54LS640 THRU SN54LS645, 
MSI SN74LS640 THRU SN74LS645 
OCTAL BUS TRANSCEIVERS 


BULLETIN NO. DL-S 12674, APRIL 1979 





e SN74LS64X-1 Versions Rated at | . SN54LS640, SN54LS642...J PACKAGE 
£48mA OL SN74LS640, SN74LS642...J OR N PACKAGE 
fe) m ~ (TOP VIEW) 













e Bi-directional Bus Transceivers in High- 
Density 20-Pin Packages 


e Hysteresis at Bus Inputs Improves Noise 
Margins 


@ Choice of True or Inverting Logic 
Choice of 3-State or Open-Collector 


ENABLE 


: rr 


Vcc 68 





description Waa 


These octal bus transceivers are designed for 

asynchronous two-way communication between data 

buses. The devices transmit data from the A bus to SNS4LS641, SNS4LS645 .. . J PACKAGE 

the B bus or from the B bus to the A bus depending aaa rR a NEACKAGE 

upon the level at the direction control (DIR) input. 

The enable input (G) can be used to disable the 
device so that the buses are effectively isolated. 













ENABLE 
vec G 


B? Bs 













DEVICE OUTPUT LOGIC 
*LS640 3-State Inverting 
'LS641 Open-Collector True \a/ 
"LS642 Open-Collector Inverting a al PR ros 
"LS643 3-State True and inverting vA oN TA tA ENN oN LA 
‘LS644 Open-Collector True and inverting ( 
"LS645 3-State True . 
PPPS AAA 
DIR Al AZ AZ A4 AS AGB A? A8& GND 
FUNCTION TABLE SN54LS643, SN54LS644...J PACKAGE 
SN74LS643, SN74LS644 ...J OR N PACKAGE 
(TOP VIEW) 






G  oIR "LS642 ‘LS645 'LS644 
L 


H A data to B bus | A data to B bus | A data to B bus 
x | trolation | —teolation | Ieoation | 


H = high level, L= low level, X = irrelevant 


ENABLE 
vec 


Q) 






r 


ZN 


absolute maximum ratings 


Same as SN54LS245 and SN74LS245 maximum ratings 
on page 6-13. 





positive logic: see function table 
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recommended operating conditions 


SN54LS640 SN74LS640 
Bae SN54LS643 SN74LS643 
‘SN54LS645 SN74LS645 


NOTE 1: Voltage values are with respect to the network ground terminal. 
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
SN54LS640 SN74LS640 


SN54LS643 ‘SN74LS643 
SNS4LS645 _. SN74LS645 


MIN TYPE MAX] MIN TYP? MAX 




















~ 
N 
N 
| 


Hs 
~ 
Oo 
q 3/3 


SLNdLNO JLVLS-€ HLIM SHIAIZISNVYL SNA WLIO 






0 


~~ 
Oo 


125 


| 
a 
a 


PARAMETER TEST CONDITIONST 


VIH High-level input voltage 


Vit___ Low-level input voltage ears eee ea 


VIK Input clamp voltage Vcc =MIN, I; =-18mA 
Hysteresis (V+ — Vy_) A or B input Vcc = MIN 


| Vec = MIN, lon = ~3 mA 
VOH _ High-level output voltage VIH=2V 


VoL Low-level output voltage Vin=2V, 
Vi = Vin max 
Off-state output current, Vcc = MAX, Gat2V, 
Off-state output current, Vcc = MAX, Gat2V, 
low-level voltage applied Vo =0.4V 


Input Current at | 5V 
—~ Vcc = MAX 
maximum input voltage DIROorG 
Ny High-level input current Vcc = MAX, a 2.7V 
Vcc = MAX, Vit =0.4V 


Vcc = MAX 


Icc Total supply current Outputs low Vcec = MAX, Outputs open 
Outputs at Hi-Z 


o 
= 
oS 
Sy 


oO oa oa 


N 
b 
Ww 
ey 


me Low-level input current 
Short-circuit output current# 


Outputs high 


No 
“I 
o 


i 
o]o 
3 3)F 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
fan typical values are at Veco = 5 V,Ta= 25°C. 
{Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second, 


SN74LS640—1 

SN74LS643-1 

SN74LS645—1 
MIN NOM MAX 
4.75 5 §.25 


UNIT 


SN74LS640-1 


SN74LS643-1 
SN74LS645—1 


MIN TYPE MAX 


= 


a4 


ltt 
N| Ss 
N|oO 
a] o 








GPOSTVLNS ‘EVSSTPLNS ‘OV9S1VLNS 


'GYOSTUSNS ‘EP9STUSNS ‘OV9STUSNS S3dAL 


S9ZSZ SVXAL‘SVTIVO e@ 210922 XO 301440 1SOd 


AALVUOdHOINI 


SLNAWNULSNI SVXAL 


LOL-9 


6L0 


switching characteristics at Vcc = 5 V, Ta = 25°C 


FROM "LS640, "LS640-1 "LS643, 'LS643-1 "LS645, ‘LS645~—1 
PARAMETER TEST CONDITIONS UN 
al town MIN TYP MAX MIN TYP MAX]|MIN TYP MAX 


Propagation delay time, es eC) joe | 
peaeee SESS 

















PLH Jow-to-high-leve! output 


Propagation delay time, oe 


t 
PHL high-to-low-level output 


Pee ee eee ee eee || ee ee 
i 


earl 


tpz_ Output enable time to low level 
Go| 68 | 


= See Note 2 
: re G, DIR 
tpzH Output enable time to high leve 
Citiiheawie: oot 
PLZ utpu sable time trom low leve Sar | 
G, DIR Ea 


tpZ Output disable time from high level ee 


NOTE 2: For toad circuits and voltage waveforms, see page 1-15.; 















CL=5pF, 
Ri = 667 2, 
See Note 2 


Et 





.2) 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF OUTPUTS 


10 kQ NOM 502 NOM 


OUTPUT 
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TYPES SN54LS640, SN54LS643, SN54LS645, 
SN74LS640, SN74LS643, SN74LS645 — 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 





SN54LS’ SN74LS’ 
INVERTING OUTPUT VOLTAGE INVERTING OUTPUT VOLTAGE 
VS vs 
INPUT VOLTAGE INPUT VOLTAGE 


Vo—Output Voltage—V 
Vo—Output Voitage—V 
















0 0.5 1 1.5 2 
Vj—Input Voltage—V V}-—Input Voltage—V 
FIGURE 1 FIGURE 2 
7 SN54LS’ SN74LS’ 
NONINVERTING OUTPUT VOLTAGE NONINVERTING OUTPUT VOLTAGE 
vs vs 
INPUT VOLTAGE INPUT VOLTAGE 
5 
Ta = 125°C 
Ta 25°C 
Ta =—55°C 4 
rf i 
r+) i+) ‘— on om 
3 2 3 a es es 
o i) 
E E te 
- ~ 
> r=) 
Q [oe 
5 5 2 
ei ft 
O Oo : 
> > 
1 
! 
' 
0 ~ 3 
V|—Input Voltage—V Vj—Input Voltage—V 
FIGURE 3 FIGURE 4 
479 
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recommended operating conditions 


SN54LS641 SN74LS641 SN74LS641—1 
SN54LS642 SN74LS642 SN74LS642—1 
SN54LS644 SN74LS644 SN74LS644—-1 








NOTE 1: Voltage values are with respect to network ground terminal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 































SN54LS641 SN74LS641 SN74LS641-1 
PARAMETER TEST CONDITIONSt SNS54LS642 SN74LS642 SN74LS642—1 
SN54LS644 SN74LS644 SN74LS644-1 


Vin High-level input voltage 
Vit Low-level input voltage 
Vig Input clamp voltage 


Hysteresis (V4 — V7—) A or B input 

































Vcc =MIN, VIH=2V, 


VoH = 5.5 V 






lo High-level output current 


Vit = Vit max, 109 | 


Vv 













VoL Low-level output voltage 


2 
—1.5 
0.2 0.4 
0.25 0.4 ; 0.4 
ViIH=2V, lol = 24 mA Ne te ee 0.35 0.5 0.35 0.5 
iL 2 Wiciiieet ok seat S| oS a ee 
i 
20 
48 
62 90 62 30 


Input current at 
y ; ; Vcc = MAX, Viz7V 
maximum input voltage 


I High-level input current Vec=MAX, Vy =2.7V tL  e., oeer 20 
1j_. Low4evel input current Voc = MAX, Vi=0.4V | 400A 




















Icc Total Supply Current Vec= MAX, Outputs open 


Outputs high 70 48 70 
mA 


64 95 


tEor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
Fal Typical values are at Voc = 5 V, Ta = 25°C. 
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switching characteristics at Vcc = 5 V, TA = 25°C 


FROM TO 
PARAMETER TEST CONDITIONS 
waisted (OUTPUT) 


Propagation delay time, 


*PLH low-to-high-level output 


pee een delay time, 
L high-to- fow-evel output 


pr oe = 
i AS | 
Ben 2B 
ieee aes 
iia: disable time 7 
from low level Di be sei oe 

eee disable time i ae ae 
[oe 


NOTE 2: For load circuits and voltage waveforms, see page 1-15. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


10 kQ. NOM 


C. =45PpF, 


R,_ = 6672, 


See Note 2 


"LS641, ‘LS641—1 "LS642, 'LS642—1 
MIN TYP MAX | MIN TYP MAX 


TYPICAL OF OUTPUTS - 





OUTPUT 





VUSSTVLNS ZV9SIDLNS ‘LY9SIVLNS 


‘DUSSTUGNS ‘ZP9STVSNS ‘LYSSTVSNS S4dAL 
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TTL TYPES SN54S740, SN54S741, SN54S744, SN74S740, SN74S741, SN74S744 
MSI OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 


BULLETIN NO. DL-S 12711, JUNE 1979 — REVISED AUGUST 1979 





lou lon 

Typical! Typical Typical Typical Typical 
(Source (Sink Propagation Enable Disable 

Current) Current) Delay Times Times Times 

SN54S‘ -12mA 48 mA ‘S740 4ns 10 ns 6 ns 

‘S741 6 ns 10 ns 11 ns 

SN74S‘ —15mA 64 mA S744 6 ns 10 ns ; 10 ns 

e 3-State Outputs Drive Bus Lines or Buffer SN54S740 ... J PACKAGE 
Memory Address Registers SN74S740 ... JOR N PACKAGE 


(TOP VIEW) 
ol gl 


e P-N-P Inputs Reduce D-C Loading 
e Typical Input and Output Capacitances 


2 eee 


These octal buffers and line drivers are designed 
specifically to improve both the performance and 


density of three-state memory address drivers, clock 
drivers, and bus-oriented receivers and transmitters. PH XX XK KX 
The designer has a choice of selected combinations of 
inverting and noninverting outputs, symmetrical G 
(active-low output control) inputs, and comple- 
mentary G and G inputs. These devices feature high 


fan-out, improved fan-in, and less than 10-picofarad 
capacitance at inputs and outputs, 





SN54S741 ... JPACKAGE 
SN74S741 ... JOR N PACKAGE 
(TOP VIEW) 


Cee 
au 


Enabled Enabled SN54S744 ....J OR N PACKAGE 
Enabled Z (TOP VIEW) 


‘S740 FUNCTION TABLE 


1¥ OUTPUTS | 2Y OUTPUTS 


Zz 
Enabled 
(inverting) 


Z 


Enabled 
(Inverting) 

Enabled Enabled 
(inverting) (Inverting) 


Zz 





Cl 





2 


Enabled Zz 
Enabled Enabled 
Z = high impedance (output off) ie Peel 


i 
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TYPES SN54S740, SN54S741, SN54S744, SN74S740, SN74S741, SN74S744 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 





schematics of inputs and outputs 


EQUIVALENT OF TYPICAL OF ALL 
EACH INPUT OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
Input. voltage”: 5-80 Sotto eevee ty as Geach avis Ee ae ae ones eed Go Bale Rize oom ed See ete tek whe an ngs GB 5.5V 
Off-state output voltage 


ata, Wise Big Gb chs a, Sia to Se We Nal cee IS tas aaa a Sa tae ce cd Bee We Bact se yb isle an CMO. 6 5.5V 

Operating free-air temperature range: SNS4LS’ ©..... 0... ee ee eee ees —55°C to 125°C 
GNGAUS? s spate ctl oe ft la ead cen Ones wae es 0°C to 70°C 

Storage temperature Fandey dss ese oS a Sa eee Sic Se oe arg ea Sete ene SA wwe a ~—65°C to 150°C 


recommended operating conditions 










PARAMETER [MIN NOM MAx| UNIT 


rin NOM MAR 
[Righevel ouput eurent, gq 
Lowievel euput current. lon SSSA 






NOTE 1: Voltage values are with respect to network ground terminal. 
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TYPES SN54S740, SN54S741, SN54S744, SN74S740, SN74S741, SN74S744 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 7A0 S741, "STAA 
MIN TYP* MAX | MIN TYP* MAX 


Vik Input clamp voitage Vcc=MIN,  1)=—18mA eS 


Vec = MIN, VIH=2Y, 
ViL=08V, I!QoH=-1MA 
Vcc =MIN, VIH=2V, 
ViL=08V, IloH=—-3 MA 
Vcc =MIN, VIH=2V, 
ViL =0.8V, loH = MAX 
Vec=MIN, Vv 2V, 
Low-level output voltage ce IH” 
ViIL=O8V, lot = MAX 
Off-state output current, y 2AV 
'oZH high-level voltage applied o* 
Vo =0.5V 
low-level voltage applied 
Input current at maximum 
Vcc =MAX, Vy=5.5V 
input voltage 
High-level input current, any input Vcc = MAX, =2.7V aa. 


[Any A | =256 
Low-level input current Vec = MAX, =0.5V 

| AnyGorG | pave] =250 
Short-circuit output current® Vcc = MAX | 50 225 | — —225 


Brinn _ e 
SN74S" 
Outputs low 














c 
<|<|<| 2 
=] 


















< 


VoH High-level output voltage 



















Off-state output current, 





{ 
= 
N 


= 


{yl 
NN 
Njo 
o 


oa 
o 
iio] 
oO 













Vcc = MAX, 


118160 
mA 








I Supply current 

ae a Outputs open | SN74S" ees 111-155 
Outputs eee aes 1 ee 
disabled sn7ass | 6a to |__| 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*All typical values are at Voc = 5 V, Tp = 25°C. 
*Not more than one output should be shorted at a time, and duration of the short-circult should not exceed one second, 


switching characterisitics, Vcc =5 V, TA = 25°C 


S74 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX 


Cy =50pF, RL=902, 
See Note 2 















CL=5pF, 
See Note 2 






NOTE 2: Load circult and voltage waveforms are shown on page 1-14. 


tPpLH = Propagation delay time, low-to-high-level input 
tpHL = Propagation delay time, high-to-low-level input 
tpz_ = Output enable time to low level 

tpZH = Output enable time to high level 

tPpLZ = Output disable time from low level 

tpHz = Output disable time from high level 
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TYPES SN54S740, SN54S741, SN54S744, SN74S740, SN74S741, SN74S744 
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS 





TYPICAL APPLICATION DATA 








CONTROL OR MICROPROGRAM ROM/PROM 
OR 
MEMORY ADDRESS REGISTER 


Peace 

ie ewe w, 
OUTPUT { i 
CONTROL 








SYSTEM AND/OR MEMORY-ADDRESS BUS 
‘S740 USED AS SYSTEM AND/OR MEMORY BUS DRIVER-—4 BIT 
ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 






[s7a0 “] 
| | 5 PARTY-LINE ‘ 
| | BRIER MULTIPLE-INPUT/OUTPUT BUS Baie 
ns mae cae ---= 
> 
| | FROM INPUT A INPUT B 
OUTPUT DATA 
PORTS ; 
| | BUS TO OTHER |_ To OTHER 
BUFFERS “) | BUFFERS 
| | OUTPUT OUTPUT 
| Ic OUTPUT-PORT 
| | CONTROL 
BUS RECEIVERS BUS 
CONTROL INPUT OUTPUT CONTROL 
HH B A took 
H ot B B Hi: O28 
Lot AS B H oH 
—> To t 4H A A t oH 
es DATA HoOL NONE NONE L oH 
BUS 
PARTY-LINE BUS SYSTEM 
WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 
External resistance between any input and ground or Vcc 
INPUT-PORT must not exceed 40 kf. 
CONTROL 





INDEPENDENT 4-BIT BUS DRIVERS/RECEIVERS 
IN A SINGLE PACKAGE 
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SBP 9708 
Parallel-Byte 
Multiplier 





SBP 9708 


SBP 9708 8-BIT-BY-8-BIT PARALLEL BYTE MULTIPLIER 

FEATURES | 

e@ Signed or Unsigned 8-Bit Multiplier Produces 16-Bit Product 

© On-Chip Latches Simplify System Design 

e Transparent or Latched (Pipelined) Operating Modes 

e@ Bus Compatible With Popular 8-Bit Microprocessors 

© Supports Systems With Bus Data Rates Up to 4 MHz 

e Standard 16-Pin Packaging Maximizes Boards Density 

e Compatible With TTL and Low-Threshold MOS 

© Choice of Ambient Temperature Performance Ranges: 


SBP 9708M ... —55°C to 125°C 
SBP 9708E ...—40°C to 85°C 
SBP 9708C ...0°C to 70°C 


DESCRIPTION 


This 8-bit by 8-bit !2L parallel multiplier provides a 16-bit signed or unsigned product resulting from two 
signed 2's complement or unsigned 8-bit bytes. Designed specifically to achieve the cost-effectiveness needed 
for microprocessor based systems, the SBP 9708 combines the static logic of I2L with a pin-efficient 
organization to make available a low-cost byte-oriented peripheral multiplier that can improve CPU through- 
put rates and reduce software overhead significantly over iterative algorithms. 


Sequential byte-parallel operations can be performed in either a transparent or latched (pipelined) multiply 
mode. In the transparent mode, the multiplier/multiplicand latches accept the two operators, the 16-bit 
product bypasses the output latches and is available in two of the multiplier array bytes directly from the 
8-bit 4-to-1 multiplexer. This mode is best-suited when the need is for fast, isolated multiply occurrences. 
In the latched mode, during the first write cycle, the multiplier latch accepts new data and the previous array 
result is strobed into the two product latches. On the next write cycle, the multiplicand is latched. In this 
mode, designed for multiply-intensive systems, pipelining allows sequential multiplication operations carried 
out at a rate 50% faster than in the transparent mode. 


In addition to single line controls for operating mode (MODE) and sign-bit handling (S/U), active-low 
chip-select (CS) and read-write (R/W) inputs are configured to make the multiplier addressable from hardware 
and software as either a memory-mapped, or an !/O-mapped peripheral. Sequential parallel byte loading 
(write) and result output (reading) are steered to or from the storage latches by a single most-significant 
byte/least-significant byte (M/L) control input. 


All versions are TTL and low-threshold MOS compatible. Output pullup resistors are provided on chip to 
minimize external components. 
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SBP 9708 
CONTROL FUNCTION TABLE 


1/0 Disabled 
Load Multiplier Latch 
Transparent Load Multiplicand Latch 
Multiply 
Read LSB Product From Adder Array 
Read MSB Product From Adder Array 
Load Multiplier, Latch, Strobe 


Adder Array Data into Product 
Latches 


Latched 


Multiply Load Multiplicand Latch 


Read LSB Product Latch 


Read MSB Product Latch 


Unsigned Byte Multiply 


Signed Byte Multiply 





Vcc O—— 





MULTIPLICANO 
LATCH (B) 
























LSB PRODUCT 
LATCH (0) 






a a 
t~ ¢ = 
ce | SHOT RE LATCH (C) bets 


si 


a MSB PRODUCT 
MODE 
wie 
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SBP 9708 


16-PIN DIP 
SBP 9708C ...J OR N PACKAGE 
SBP 9708 E,M...J PACKAGE 





PIN DESCRIPTION 


SIGNATURE } PIN | : DESCRIPTION 
| vec | te | Provides +5 V connection to resistive pullups on outputs and voltage dividers on inputs. 
Cn 


Data input/output port 

















Chip select low causes product latch data to be transferred onto the external data bus if read-write is high 
or causes multiplier/multiplicand data to be input to one of the input latches from the external bus if R/W is 
low. Chip select high causes DO-D7 to be at a logic high level. 


Most/Least byte select determines which multiplier latch is loaded on input, which byte of the product is 
read on output. Byte 1 latch and LSB product latch are accessed on M/L low. 


MODE high causes adder array outputs to be passed directly to the 2 to 1 multiplexer. MODE low causes 
adder array outputs to be strobed into the product latches as the multiplier fatch is loaded. Previous product 
data is then avaitable after new multipliers are loaded. The multiplier latch must be loaded first. 


= sees Signed multiply when high, unsigned multiply when low. 


*Nominal current may be supplied by connection of a 24 45% (2 watt) resistor from Vcc to INJ input. 
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SBP 9708 
recommended operating conditions 
PARAMETER 


Supply voltage, Vcc 
Injector current, ling 


High-level output voltage, Voy 
Low-level output current, lo_ (SBP 9708C only*) 
Width of toad pulse (chip select low), tw(Cs) 


M/t before load pulse, ty 
Data before end of load pulse, tsy(qa) 
R/W before load pulse, tsy (RW) 
MIT after load pulse, th (ML) 
Hold time Data after load pulse, th(da) 
R/W after chip select, th(wR 


SBP 9708M 
Operating free-air temperature, Ta SBP 9708E 
SBP 9708C 





* Values for SBP 9708M and SBP 9708E will be announced at a later date. 


electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


[Vig Input clamp voltage | _Vog=MIN,y=-i2mASCSidSS 


F Vec = MIN, ViH =2.4V, VIL = 0.8V, 
Vv High-level output voltage 2. 5 
ea - c : No Load 5 














I = 130 mA, 
VOL Low-level output voltage INJ p08 | 


3. 
los Short-circuit output current Vcc = 5.5V —03 -08 —1.2 


Input current at maximum 
'y : Vec = MAX, V,=5.5V 
input voltage 





NH High-level input current Vcc = MAX, Vj; =2.4V —0.3 0. 


fe Low-level input current Vcc = MAX, V,=0.5 V -0.7. —1.1 













3} 3);3 3 


switching characteristics over recommended operating free-air temperature range, 


Vcc = 5V, ling = 165 mA 
NO EXTERNAL SEE LOAD 
PULLUP CIRCUIT UNIT 


PARAMETER 
M/L 









TEST CONDITIONS 










TO 

tPD(CS) outruT(o7-00) ft | 50200 ns 
teois/u)__| S| oureuT (700 [ C= Ber 340 | 280328 Ys | 
wow) | WL | ourPuTwRDO F880 160200 | ns_| 
tPD(MPY) PROD OUT (D7-D0) | CL = 80PF, Vi(mode) = 2 V 365 275 400 | ns | 


TFor conditions shown as MIN ‘or MAX, use the appropriate value specified under recommended operating conditions for the applicable type, 

a typical values are at Vcc = 5V, Ta = 25°C. 

+ t The arrow indicates the transition of the chip-select input used for reference: tf for the low-to-high transition, | for the high-to-low 
transition. 
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SBP 9708 


EQUIVALENT OF EACH INPUT/OUTPUT 
Vcc 


EQVIVALENT OF EACH INPUT 





Vcc 





_- - INPUT/ 
OUTPUT 


SCHEMATICS OF INPUTS AND INPUT/OUTPUTS 





f—twics)—>} 
{ | 
al aa beth) oy ae tpp(cs) —oy 
| | " 
M/L | | | 
ae | 
‘su(RW) -t-—o ns be—— ted) —e 
R/W 
row a 
s/U | { 
| “| | 
le teu(Da) he thiva) | je——tpp(su) ——>} 
| | 
VOLTAGE WAVEFORMS 
Vcc 
5752 
OUTPUT 


A icc 


C,_ includes probe and jig capacitance, 


LOAD CIRCUIT 


8-L 


RW 


{ Loan | Loa | (WAIT) Loan =f LOAD 
| MULTIPLIER JMULTIPLICAND ; MULTIPLIER gMULTIPLICAND 
A A B B 


READ 
! PRODUCT 
A-LSB 


READ 
PRODUCT 
A-MSB 


[ Load | LOAD 
j MULTIPLIER y MULTIPLICAND 
c c 


TIMING DIAGRAM-—TYPICAL PIPELINED MODE SEQUENCE OF MULTIPLIES 


| READ READ 
j MULTIPLIER jMULTIPLICAND | WAIT —tpics)— fell} —ed =| PRODUCT =| PRODUCT 
LsB MSB 


TIMING DIAGRAM—TYPICAL TRANSPARENT MODE CYCLE: 


| 
I I — 
trom —}-_$— to | 

| | ee 

mit t i j Vy I 

| | i | i. a | 

| 1 ! 
a oe 4 a AT TL a Arg l shoo se KI rroowse Jt 
1 Load | Loan ! I 


READ 
PRODUCT 
B-LSB 





8026 das 


GL 






—— =DODT GCOIRECTIONAL DAT 


DECODE”* 


MEMORY MAP 
*CE becomes active (high) on a unique : my) (A2) Bo OonOe 
decode of address lines A3-A15 ; LATCHED, UNSIGNED ADR 

TRANSPARENT, UNSIGNED ADR+2 
LATCHED, SIGNED ADR + 4 
TRANSPARENT, SIGNED ADR+6 

A 

LSB MSB 


SBP 9708 TYPICAL MEMORY-MAPPED APPLICATION (8080A SYSTEM) 





8026 ddS 


Ol-Z 


| MACHINE CYCLE 4 MACHINE CYCLE 5 


SBP 9708 


07:00 LLLLLLLLLLLLD LLILLLLD CLILILLLLL 
INPUT PRODUCT 
COMPLETE AVAILABLE 


8080A SYSTEM MULTIPLIER LOAD CYCLE USING SN74LS245 
(MEMORY-MAPPED) 


8026 daS 


bee 


TMS 8080A 


SBP 9708 


MACHINE CYCLE 4 MACHINE CYCLE 5 









DATA READ DATA READ 





B/W (HIGH) 
M/L \ / \ 
D7-DO LSB MSB 


8080A SYSTEM PRODUCT READ CYCLE 
(MEMORY-MAPPED) 





8026 dds 


el-L 


SYSTEM 
ADDRESS 










TMS 8080A 


DECODE* 


\\ SYSTEM 
7 DATA 





(| D7-D0 
DB7-DBO p 


“DECODER OUTPUT GOES ACTIVE (HIGH) 
ON A UNIQUE DECODE OF ADDRESS LINES A3-A15 


SBP 9708 TYPICAL I/O MAPPED APPLICATION (8080A SYSTEM) 


8026 ddS 


El-L 


anonnaer C.3 OF OUT NEXT INSTRUCTION FETCH: 
480 ns ——_—» = 
1 


| 
ststa | 
| ; 
ssn TTX sans Xara TET 
esscoo TTT [warren noones YT 
ak a Th Cas Z: 
R/W ; \ am 


*vsarone”™® [TTI 9 TTT 














8 YSTEM MULTIPLIER LOAD CYCLE USING SN74S428 OR SN74S438 





8026 dds 


til 


STSTB \ / LS 


ieee 8 ////// cc ee AIL) Cer LLL 
a LIM 





SN74S438/SBP 9708 
DB7—DBO 


LMM LL 





8080A SYSTEM MULTIPLIER READ CYCLE USING SN74S428 OR SN74S438 


8026 dds 


MECHANICAL 
DATA 





(RR ae a pa a a a a a I I I EES 
ORDERING INSTRUCTIONS 

Orders for devices from this book should include the package outline letter(s) at the end of the type number. 
Examples: SN54S482J, SN74S740N 


It is necessary to use only the first letter of the package type (J or N) unless the device is available in more than one 
type of J (dual-in-line ceramic) package, or in more than one type of N (dual-in-line plastic) package. 


Special ordering instructions for programmable read-only memories (PROMs) are found on page 5-2. 
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MECHANICAL DATA 





J ceramic packages (including JT and JW dual-in-line and JO quad-in-line packages) 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 16-, 18-, 20-, 24-, 28-, or 48- 
lead frame. Hermetic sealing is accomplished with glass. The JT packages are intended for insertion in mounting-hole 
rows on 0.300 (7,62) centers, JW packages for mounting-hole rows on 0.600 (15,24) centers, and the JQ quad-in-line 
package for mounting-hole rows on 0.600 (15,24) and 0.800 (20,32) centers. Once the leads are compressed and in- 
serted sufficient tension is provided to secure the package in the board during soldering. Tin-plated (‘‘bright-dipped‘‘) 
leads require no additional cleaning or processing when used in soldered assembly. 


NOTE: For the 16-, 28-, and 20-pin packages, the letter J is used by itself since these packages are available only in the 0.300 (7,62) row 
spacing. For the 24-pin packages, if no second letter nor row spacing is specified, the package is assumed to have 0,600 (15,24) row 
spacing. 


16-PIN J CERAMIC 


0.785 (20,0) 
0.755 (19,1) 


OOVOBD®OO® 


0.025 (0,63) R NOM 
0.310 (7,88) 
0.290 (7,36) 
0.280 (7,11) 


0.245 (6,22) QA@OO@OOO® 


0.050 (1,27) NOM 





od 0.070 (1,78) MAX 16 PLACES 


GLASS 
0.200 (5,08) SEALANT 
MAX 


- SEATING PLANE 
0.020 (0,51) 0.030 (0,76) MIN 
MIN 
16 PLACES 1ZPLBCES 
| oe ae 0.130 (3,30) 0.023 (0,584) 16 pL aces 
"0.008 (0, MIN 0.015 (0,381) 
16 PLACES ; 
0.012 (0,304) MIN 
4PLA 
LACES 0.050 (1,27) 


PIN SPACING 0.100 (2,54) T.P. 0.015 (0,38) 
(See Note b) 


4 PLACES 


NOTES: a. Al! dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
b.: Each pin centerline is located within 0.010 (0,26) of its true longitudinal position, 


mr ee 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


MECHANICAL DATA 





J ceramic packages (continued) 


18-PIN J CERAMIC 


0.920 (23,4) MAX 


OQOOQOOOOO 


0.025 (0,63) R NOM 
0,310 (7,88) 
0.290 (7.36) 290 (7,36) 


O24 16-22) OOOOOOOO® 


0.070 (1,78) 


et eet 


0,020 (0,51) 0.030 (0,76) MAX 20 PLACES 
0.050 (1,27) NOM MIN 
GLASS 
SEALANT 


0.200 (5,08) 
MAX 


SEATING PLANE 


bo. 030 (0,76) MIN 
24 PLACES 


0.014 (0,356) 0.130 (3,30) 0.023 (0,584) 44 p 
0.008 (0,203) MIN —| b+ 9-023 T0387} 24 PLACES 
20 PLACES 


20 PLACES 


PIN SPACING 0.100 (2,54) T.P. 


0.100 (2,54) MAX (See Note b) 


4 PLACES 


20-PIN J CERAMIC 


0.975 (24,8) 
0.930 (23,6) 


OO OOO OOGOY 


0,025 (0,63) R NOM 


0.310 (7,88) 
0.290 (7,36) 


0.300 (7,62) 


0.245 (6.22) ODOOOOQOOO® 


0.020 (0,51) 
0.050 (1,27) NOM MIN 0.070 (1,78) MAX 20 PLACES 


GLASS 
0.200 (5,08) SEALANT 


MAX 
~~~ SEATING PLANE 
0.130 (3,30) 0.030 (0,76) MIN 


MIN 
eOEACES 0.014 (0,356) f aed 
al 0,008 (0,203) 0.012 (0,304) mina 4 38 eet 20 PLACES 
20 PLACES 4 PLACES . 0.080 (1.271 
0.015 (0,38) * PLACES 


PIN SPACING 0.100 (2,54) T.P. 
(See Note b) 





NOTES: a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern, 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position, 
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24-PIN JT CERAMIC, 0.300 (7,62) ROW SPACING 


1.250 (31,8) MAX 


OOO OOO OOOOH 


0.025 (0,63) R NOM 
7 0.325 (8,26) MAX 


ee ©O©OOOOOOOOOO 


0.020 (0,51) 
0.050 (1,27) NOM MIN 0.070 (1,78) 


0.030 (0,76) 24 PLACES 


0.200 (5,08) 
MAX 


SEATING PLANE 


Lo. 030 (0,76) MIN 
24 PLACES 


0.014 (0,356) 0.130 (3,30) 0.023 (0,584) 
_\« 0.008 (0,203) MIN —+| S018 (0,381) 27 PLACES 
24 PLACES 


24 PLACES 


PIN SPACING 0.100 (2,54) T. P. 


0.100 (2,54) MAX (See Note b) 


4 PLACES 





NOTES: a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). [nch dimensions govern. 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 


(panuljuo0d) sabexoed o1wwies199 ¢ 


VIVd TVOINVHIIW 


S9ZSL SVX31 ‘SVTIVO e@ 210622 XO 391440 180d 


G3aLVUYUOdHOOINI 


SLNAWNULSNI SVXAL 
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24-PIN JW CERAMIC, 0.600 (15,24) ROW SPACING 


1.290 (32,8) 
1.235 (31,3) 


BOOBOOSD OO O©OO® 


0.025 (0,63) R 
NOM 


0.600 + 0.010 ADM@OOOOOAOL MAM 


(15,24 + 0.26) 0.560 (14,22) 
0.515 (13,09) 0.075 (1,91) 
0.050 (1,27)NOM {0.050 (1,27) 0.070 (1,78) MAX 24 PLACES +«>{ 
24 PLACES 0.070 (1,78) 


GLASS SEALANT 0.225 (5,72) 
f YY YY |} 0.150 (3,81) 
0.020 (0,51) 0.160 (4,07) 


yf 
105° 
0.160 14,07) 94 PLACE 
0.010 + 0.002 —»\« 0.125 (3,17) eke 
(0,254 + 0,051) 0.018 + 0.002 0.028 (0,71) MIN 0.100 (2,54) 
24 PLACES (0,457 + 0,051) 24 PLACES 0.060 (7,52) 4 PLACES 


90° 





- SEATING PLANE 
24 PLACES 


PIN SPACING 0.100 (2,54) T.P. 
(See Note b) 





. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern, 
b. Each pin centerline is located within 0.010 (0,26) of its true fongitudinal position. 
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$9762 SVX3L‘SVIIVG @ 210922 XOB8 3DI44O 1LSOd 


GALVYUOdHOONI 


SLNAWNULSNI SVXAL 
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NOTES: 


28-PiIN J CERAMIC 


1.290 (32,8) 
1.235 (31,3) 


@BBDMOOOSD OOOPIOOO® 


0.025 (0,63) R 
NOM 


ogt0 = 0 ©O©OOOOOOOOOOO® 


0.560 (14,22) 
0.515 (13,09) 0.075 (1,91) 
-|— 0.050 (1,27) NOM £ 0.050 (1,27) 


GLASS SEALANT 
SEATING PLANE 
105° 
90° 28 PLACES 0.070 (1,78) 


0.160 (4,07) 
0.010 + 0.002 —P\\¢- 0.020 (0,51) SSE aT) 28 PLACES 
(0,254 + 0,051) 0.018 + 0.002 0.028 (0,71) MIN 0.100 (2,54) 
28 PLACES (0,457 + 0,051) 28 PLACES 0.060 (152 4 PLACES 


28 PLACES 


0.070 (1,78) MAX 28 PLACES» } 


0.225 (5,72) 
0.150 (3,81) 





PIN SPACING 0.100 (2,54) T.P. 
(See Note b) 





a. Atl dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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NOTES: 


a. 


48-PIN JQ CERAMIC 


| | 0.100 (2,54) TP. 


22 PLACES 


0.560 (14,23) (See Note b) 1.295 (32,90) 
r 0.515 (13,08) | 1.235 (31.37) 
EEE See a EES 


0.225 (5,72) 
0.150 (3,81) 


—— |]|— SEATING PLANE 
0.100 (2,54) MIN 


| 0.600 (15,24) TP. | — - J 
12 PLACES 
0,800 (20,32) TP. 
12 PLACES 


All dimensions are shown in inches (and parenthetically in millimeters for reference only). 


b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 





0.020 (0,508) 
0.015 (0,381) 
(48 PINS) 


inch dimensions govern. 


0.100 (2,54) TP. 
22 PLACES 
(See Note b} 


il 


call 


0.030 (0,76) MIN 
(4 PLACES) 





(panunuod) saberoed oiuess9 ¢ 
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MECHANICAL DATA 





N plastic packages (including NT and NW dual-in-line packages) 


These dual-in-line packages consist of a circuit mounted on a 16-, 18-, 20-, 24-, or 28-pin lead frame and encapsulated 
within an electrically nonconductive plastic compound. The compound will withstand soldering temperature with no 
deformation and circuit performance characteristics remain stable when operated in high-humidity conditions. The 
packages are intended for insertion in mounting-hole rows on 0.300 (7,62) centers for the NT packages and on 0.600 
(15,24) centers for the NW packages. Once the leads are compressed and inserted, sufficient tension is provided to secure 
the package in the board during soldering. Leads require no additional cleaning or processing when used in soldered 
assembly. 


NOTE: For the 16-, 18-, 20-, and 28-pin packages, the letter N is used by itself since these packages are available in only one row-spacing 
width — 0.300 (7,62) for the 16-, 18-, and 20-pin packages and 0.600 (15,24) for the 28-pin package. For the 24-pin package, if no 
second letter nor row spacing is specified, the package is assumed to have 0.600 (15,24) row spacing, 


16-PIN N PLASTIC 


0.870 (22,1) MAX 


OOO OOOO® 


0.300 + 0.010 0.093 (2,36) R NOM 


{7622026} 0.160 (4,06) NOM 
0.280 + 0,010 


(6,35 + 0,26) 
0.080 (2,03) NOM a @® ® @O® ©) ® @) 


sss | nadie (1,78) MAX 16 PLACES 


. , 0. m6 nA 51) 
0.010 (0,25) NOM 
, 0.200 (5,08) MAX ue 
—— SEATING PLANE 
108; 0.033 (0,83) MIN 
16 PLACES 


P 
16 Laces gil 0.011 + 0.003 >| - 0.018 + 0,003 


(0,279 + 0,076) 0.125 (3,17) MIN (0,457 + 0,076) 
16 PLACES 
0.095 (2,41) 16 PLACES 


(See Notes c and d) seg aa 
0.015 (0,38) PIN SPACING aaall Te Meal 
4 PLACES eee NGetl 


ALTERNATE SIDE VIEW 
Package configuration of —>| }<-0.070 (1,78) MAX 16 PLACES 


16-pin N package (see 0.020 10.51 


alternative sideviews) is MIN 
at the option of TI. 0.200 (5,08) MAX 


0.033 (0,83) MIN 
12 PLACES 


0.125 (3,17) MIN le- 0.018 +0.003 
(0,457 + 0,076) 
0.095 (2,41) 16 PLACES 


0.015 (0,38) PIN SPACING 0.100 (2, 54) T.P. (See Notes c and d) 
4 PLACES (See Note b) 


NOTES: a. Alli dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern, 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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MECHANICAL DATA 





N plastic packages (continued) 


18-PIN N PLASTIC 


0.920 (23,4) MAX 


OOOOXN OOOO 


0.093 {2,36} R NOM 
0.160 (4,06) NOM 


0.300 + 0.010 
(7,62 0,26) 


0.275 (6,99) MAX @) @) G) () G) @) @ ‘S) 


0.080 (2,03) NOM > He Soas-to7es 9.070 (1,78) pany 29 PLACES 


0.035 (0,76) 
. 0.010 (0,25) NOM 0.020:10.511 


0.200 (5,08) MAx = MIN 


—— SEATING PLANE 


| 0.035 (0,76) MIN 
20 PLACES 


ale 0.011 + 0.003 0.125 (3,17) MIN —v| je— 0.018 0.003 
(0,279 ¢ 0,076) (0,457 + 0,076) 
20 PLACES 20 PLACES 
{See Notes c and d) (See Notes c and d) 
' 


0.075 (1,91) PIN SPACING 0.100 (2,54) T.P. 
0.009 (0,22) (See Note b) 
4 PLACES 












20-PIN N PLASTIC 
1.070 (27.2) 
0.920 .23,3) 


QBOOQOOOOOOO®D 










0.093 (2,36) R NOM 
0.160 (4,06) NOM 


0.300 + 0.010 
{7,62 + 0,26) 


0.275 (6,99) MAX QDOOOOO® @O® 


0.080 (2,03) NOM 
















> ‘aa 0.070 (1,78) MAX 20 PLACES 


L 0.010 (0,25) NOM 0.020.030 


0.200 (5,08) MAx = MIN 








— SEATING PLANE = 







105 >| | 0.033 (0,83) min 
20 PLACES ameuners 






0.041 + 0.003 0.155 (3,94) >| |e 0.018 + 0,003 
a" (0,279 + 0,076) 0.125 (3,17) (0,457 + 0,076) 
20 PLACES 20 PLACES 
(See Notes c and d) (See Notes c and d} 


0.075 (1,91) PIN SPACING 0.100 (2,54) T.P. 


0.009 (0,22) {See Note b) 
4 PLACES 






ALTERNATE SIDE VIEW 
j— 0.070 (1,78) MAX 20 PLACES 





0.020 (0,51) 
MIN 






0.200 (5,08) MAX 













Package configuration of 
20-pin N package (see 
alternative sideviews) is 
at the option of TI. 0.155 (3,94) 


0.125 (3,17) 









>| 0.033 (0,83) MIN 
16 PLACES 


>| -~<—- 0.018 + 0.003 
(0,457 * 0,076) 
20 PLACES 
(See Notes c and d) 


PIN SPACING 0.100 {2,54) T.P. 
{See Note b) 







0.075 (1,91) 
0.009 {0,22) 
4 PLACES 










NOTES: a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern, 
Each pin centerline is located within 0.010 (0,26) of its true longitudinal position, 
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NOTES: 


24-PIN NT PLASTIC, 0.300 (7,62) ROW SPACING 


¢ 0.093 (2,36) R NOM 


0.310 + 0.010 


(7.87 + 0.26) 0.160 (4,06) NOM 


0.275 (6,99) MAX 


0.015 (0,38) 


MIN 
0.080 (2,03) NOM 


= 0.010 (0,25) NOM 


0.200 (5,08) 
MAX 


— SEATING PLANE 


_o\\e— 0.011 + 0.003 
(0,279 + 0,076) 


24 PLACES 


90° 
24 PLACES 


0.125 (3,17) MIN 


0.085 (2,16) MAX 
4 PLACES 


1.250 (31,8) MAX 


HOQOCO®O®OOQOOOO® 


YOOOOOOOOOU® 


0.070 (1,78) 
=| 0.033 (0.83) 0.033 (0,83) 24 PLACES 


AE 
alata 


a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 


0.033 (0,83) MIN 
24 PLACES 


0.018 + 0.003 
k— core + 0,076) 
24 PLACES 
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24-PIN NW PLASTIC, 0.600 (15,24) ROW SPACING 


1.310 (33,3) MAX 


@@OQB@OOO™® OOOU® 


0.093 (2,36) R NOM 


€ 0.110 (2,79) NOM 


0.600 + 0.010 
(15,24 + 0,26) 


0.650 (13.97) D@®DO@OOODOOOWO® 


0.080 (2,03) NOM 
Heide ZehNON 7] iB 0.070 (1.78) MAX 24 PLACES 
OE 


- SEATING PLANE 
105° 0.020 (0,51) MIN 


“O0° 24 PLACES 


+ 0.003 eK - 
0.011 + 0.003 0.033 (0,83) MIN 0.125 (3,17) MIN 
(0,279 + 0,076) 24 PLACES 24 PLACES 
24 PLACES 0.018 + 0.003 


0.095 (2,42) MAX 
(See Notes c and d) (0,457 + 0,076) 4 PLACES 
24 PLACES PIN SPACING 0.100 (2,54) T.P. 
(See Notes c and d) (See Note b) 


0.200 (5,08) MAX 








a. Alt dimensions are shown in inches (and parenthetically in millimeters for reference only). !nch dimensions govern, 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position, 
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NOTES: 


28-PIN N PLASTIC 


1.440 (36,6) MAX 


EITHER 
INDEX 


0.600 + 0.010 
(15,24 + 0,26) 


0.020 (0,50) 
MIN 


—— SEATING PLANE aa ae 


0.011 + 0.003 
(0,279 + 0,076) 9.018 0.003 -»] |e 
(0,46 + 0,08) 
PIN SPACING 0.100 (2,54) T.P. 
(See Note a) 


a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 


0.200 (5,08) MAX 


0.125 (3,17) MIN 


0.033 (0,83) MIN 





0.060 (1,52) NOM 


0.050 + 0.020 
(1,27 + 0,51) 





(penuljzuos) sabe xed oIjse\d jy 
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MECHANICAL DATA 





W ceramic flat package 


These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 16- or 24- 
lead frame. Hermetic sealing is accomplished with glass. Tin-plated (‘‘bright-dipped‘’) leads (—O0) require no agaitional 
cleaning or processing when used in soldered assembly. 


16-PIN W CERAMIC 


QOOOOOOO, 

A ) .050 (1,27) TP 

ee ee bk lel 14 PLACES 
16 LEADS (See Note c) 
(See Note e) 


0.350 (8,89) 
0.310 (7,87) 


0.019 (0,483) 


BASE AND 0.015 (0,381) 
SEATING PLANE ams 16 LEADS 





(See Note e) 
0.300 I 62) 
{See Note : (See 
0.960 (24,4) Note b) 
0.940 (23,8) 0.285 (7,24) 
0.247 ee 3 27) 


0.080 (2,03) 


0.050 (1,27) 


0.350 (8,89) 
0.310 (7,87) 


eeacataal x +] 0.025 (0,64) 
; : 0.010 (0,25) 
0.020 (0,51) 9.400 (10,16) 4 PLACES 


QO@QGOOGO@OO 


Falls within JEDEC MO-004AG Dimensions 








NOTES: All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
Index point is provided on cap for terminal identification only. 

Leads are within 0.005 (0,13) radius of true position (T.P.) at maximum material condition. 

This dimension determines a zone within which all body and lead irregularities lie. 

Not applicable for solder-dipped leads. 

When solder-dipped leads are specified, dipped area extends from lead tip to within 0.050 (1,27) of package body. 


BPs O50: 3. 


em a a Tae et af 


TEXAS INSTRUMENTS 8-15 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-16 





MECHANICAL DATA 





W ceramic flat package (continued) 


24-PIN W CERAMIC 


OHOOQMOQOOOOOUO® 
fe 


me-m}— 0.050 (1,27) TP. 


22 PLACES 
(See Note c) 


0.006 (0,152) 0.050 (1,27) 
0.003 (0,076) ->| 0.010 (0,25) 


24 LEADS 4 PLACES al 
(See Note e} 


0.400 (10.16) 
0.275 (6,98) 











0.019 (0.483) 
0.015 (0,381) 
24 LEADS 
(See Note e} 





4 PLACES 
0.400 (10,16) (See 
1.200 (30,5) (See Note d) Note b) 
0.950 (24,1) 


(See 
Note yg) 


0.395 (10,1) 
0.335 (8,5) 


u 
4 FO NZ 


oe ree 





0.085 (2,16) 
0.055 (1,39) 


0.400 (10,16) 
0.275 (6.98; 

















0.050 (1.27) -0.485 (12,3) MIN ——————-—} 


0.028 (0,711 
0 635 (16.2) MAX 


ODOOOODOOOO® 


NOTES: All dimensions are shown in inches (and parenthetically in millimeters for reference only), Inch dimensions govern, 
Index point is provided on cap for terminal identification only. 

Leads are within 0.005 (0,13) radius of true position (T.P.) at maximum material condition. 

This dimension determines a zone within which al! body and lead irregularities lie, 

Not applicable for solder-dipped leads. 

When solder-dipped leads are specified, dipped area extends from lead tip to within 0.050 (1,27) of package body, 


areoogoe 


End configuration of 24-pin package is at the option of Tl. 
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ERRATA 


This page and the one that follows correct pages 5-7 and 5-15. In addition to showing pins 18 and 19 of TBP28S85, 
TBP28L85, and TBP28P85 to be active high (E, not E), the rank numbers of all A, E, G, and Q pins have been changed to 
correspond with the numbering in the standard pin-outs currently under consideration by the JEDEC Committee on Bipolar 
Memories, JC42.1. For the same reason, S pins (chip select) have been redesignated G (output enable), these functions being 
interchangeable in unregistered PROMs. With the exception of the E to E corrections, these changes strictly involve 
nomenclature, not functional changes. 


SERIES 14 AND 18 PROGRAMMABLE READ-ONLY MEMORIES 


TBP18SA030, TBP18S030 ; TBP14S10, TBP14SA10 TBP18SA22, TBP18S22 TBP18S42, TBP18SA22 TBP18S46, TBP18SA46 


256 BITS 1024 BITS 2048 BITS 4096 BITS 4096 BITS 
(32 WORDS BY 8 BITS) (256 WORDS BY 4BITS) (256WORDSBY 8 BITS) (512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) 
(TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) 


aot} U [avec 
a1{2] 15} G 





a2{3] ry] A4 
a3 [4] ra] A3 
a4 [5] fiz} A2 
as [6] jn} At 
a6 ro} AO 
GND [2] [9] Q7 





Pin assignments for all of these memories are the same for all packages. 
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SERIES 24 AND 28 PROGRAMMABLE READ-ONLY MEMORIES 


TBP24S10, TBP24SA10 TBP28L22 TBP28S42 , TBP28L42, TBP24S41, TBP24SA41 TBP 24S81, TBP24SA81 
1024 BITS 2048 BITS TBP28P42* 4096 BITS 4096 BITS 8192 BITS 
(256 WORDS BY 4BITS) (256WORDSBY8BITS) (512WORDSBY8BITS) (1024WORDS BY 4BITS) (2048 WORDS BY 4 BITS) 






TBP28S45, TBP28L45, TBP28P45* TBP28R45 TBP28S86, TBP28SA86, TBP28L86 TBP28S2708 
4096 BITS 4096 BITS 8192 BITS 8192 BITS 
(512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) 
amg] ~ U favcc 
A(z [23] AS 
A5{3| 122 NC 
Aa(a] 1] G3 


A3(s] 0.300-in feo) G1 

ee a2fe] 72"! Falg2 (sync) 
Spacing Al L7] Spacing 18] Ct 
AOL8] Q7 
Q0} 9} Q6 
Q1 [19] 115} 5 
Q2{11] [14] Q4 





TBP28S85, TBP28L85, TBP28P85* TBP28R85 TBP28S166, TBP28L166, TBP28P166* TBP28R166 
8192 BITS 8192 BITS 16,384 BITS 16,384 BITS 
(1024 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) (2048 WORDS BY 8 BITS) (2048 WORDS BY 8 BITS) 


(7,62-mm) (7,62-mm)} 


Row 


Spacing 





* For those pins having dual designations, the designation to the right of the virgule (/) applies only to the type number(s) immediately 
followed by an asterisk (*) above the pinout drawing. ‘ 
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